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PREFACE 

Crtbtalloorapht may be studied with two dis- 
tinct purposes in view. The end usually sought is 
the ability to describe crystals with such detailed 
accuracy that minor variations between them and 
other crystals may be detected and shown graphi- 
cally or embodied in mathematical expressions. 
This aspect of the subject belongs unquestionably 
in the realm of pure science. It involves the 
accurate measurement of angles with delicate in- 
struments requiring careful manipulation, and the 
results secured are not sought with any idea that 
they may have practical value. 

Quite different is the other purpose to which 
reference has been made, since it is the attainment 
of the abiUty to recognize crystal forms and espe- 
cially systems almost instantly with the use of few if 
any instruments, and those who seek this knowledge 
do so wholly because they expect to use it as a tool 
for identifying minerals. 

It is of the phase of the subject last mentioned 
that this book treats, and it is hoped that it will fill 
the needs of the growing group of educators who 
realize the great importance of teaching ''sight 
recognition" of minerals to engineering students or 
otiiers who study mineralogy merely for its cultural 
value. In order to conserve the students' time and 
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IV PREFACE 

energy, everything not germane to the end sought — 
the acquisition of information useful in the "sight 
recognition'' of minerals — has been omitted, and 
no hesitation has been felt in departing from current 
usage when it seemed desirable in order to secure 
simpUcity and clarity. 

The system foUowed is not an untried experiment, 
but was introduced many years ago by Dr. H. B. 
Patton in the Colorado School of Mines where it 
has been taught with marked success, and from which 
it has been carried by graduates to a number of 
other institutions. This system includes the study 
of numerous wooden, cardboard, or plaster models 
of crystals, together with oral quizzes involving the 
instantaneous identification of the forms repre- 
sented on such models, and discussions of the theo- 
retical aspects of the subject. After models belong- 
ing to a certain system or group of systems have 
been studied and a sufficient knowledge of them 
revealed in the quiz the student takes up the deter- 
mination of natural crystals of the same degree of 
synmietry; and the study of crystal models and of 
corresponding natural crystals alternate throughout 
the course. If this plan is followed, it will be neces- 
sary for the student to familiarize himself with the 
matter presented in Chapter IX before attempting 
to work with natural crystals. 

The author desires to acknowledge his great 
indebtedness to Patton's "Lecture Notes on Crys- 
tallography," and, to a lesser extent, to Bayley's 
"Elementary Crystallography" for ideas and even 
definitions and descriptions embodied in this book. 
While most of the illustrations are original, many are 
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copied without other acknowledgment than this 
from Bayley's "Elementary Crystallography," 
Dana's "System of Mineralogy," and Moses and 
Parsons' "Mineralogy, Crystallography, and Blow- 
pipe Anal}^." 

G. MONTAGUE BUTLER 

Tucson, Abizoka, September 15, 1917. 
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CHAPTER I 
INTRODUCTORY CONCEPTIONS 

A Mineral Defined. 

A mineral is a naturally occurring, homogeneous, 
inorganic substance. 

Diamonds, white mica (muscovite), native gold, 
and flint are illustrations of minerals; while a silver 
coin, granite (consists essentially of two minerals, 
orthoclase and quartz, so is not homogeneous), coal 
(is organic material), and window glass are not 
minerals although they belong to the so-called 
"mineral world" as distinguished from the "animal 
and vegetable worlds." . 

Structure of BSinerals. 

Molecules: Minerals, as well as all other sub- 
stances, are made up of extremely small particles 
called molecules which in any homogeneous sub- 
stance are all alike in composition, size, and weight, 
but which are unlike in the particulars mentioned in 
different substances. They are believed to be sepa- 
rated from one another to some extent even in the 
hardest and densest materials. There is a tendency 

1 



2 INTRODUCTORY CONCEPTIONS 

for each molecule to be held in position with respect 
to adjacent molecules by certain forces of mutual 
attraction, against which is opposed a tendency for 
each molecule to move in a straight line. The 
relative strength of these two tendencies is believed 
to determine whether a substance is a gas, a liquid, 
or a solid. 

Amorphous Structure Defined: A substance is said 
to possess an amorphous structure or to be amor- 
phous when its constituent molecules are arranged 
according to no definite fashion or pattern. Pre- 
sumably they he at unequal distances with respect 
to each other, and Unes joining their centers do not 
meet in fixed angles. If a box of oranges be dumped 
helter-skelter into a basket and each orange be con- 
sidered analogous to an enormously magnified mole- 
cule, a good conception of the structure of an amor- 
phous substance can be obtained. 

Natural and artificial glasses are excellent illus- 
trations of amorphous materials, but not a few 
minerals also possess this structure. 

Crystalline Structure Defined: A substance is said 
to possess a crystalline structure or to be crystaUine 
when the constituent molecules are arranged in some 
definite fashion or pattern. A box of oranges of 
equal size packed in even rows and layers is analo- 
gous to a crystalline substance in which each orange 
corresponds to a molecule, but it should not be 
understood that all crystalline materials have a 
structure resembUng in detail the illustration just 
given. 

Crystalline substances, while they may resemble 
amorphous ones very closely, at least superficially, 
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can usually be recognized by the presence of cleavage 
(see p. 142) or distinctive optical, electrical, thermali 
or other physical properties which prove that in 
crystalline materials there are certain directions 
along which forces or agents act with quite different 
effects from those produced in other directions. 
Thus a sphere of glass (amorphous) when heated 
expands equaUy in aU directions and remains per- 
fectly spherical; while a sphere of emerald (crys- 
talline) if similarly heated will be distorted and will 
become ellipsoidal due to the fact that the coefficient 
of expansion in one direction differs from that in all 
others. 

The majority of minerals a« well as many artificial 
substances have crystalline structures. 

A most useful characteristic of a crystaUine sub- 
stance results from the fact that at the time of its 
formation it shows a more or less pronounced 
tendency to form a body bounded wholly or partially 
by plane surfaces or faces. Such a partial or com- 
plete polyhedron is called a crystal; and, if several 
such crystals develop in contact with or close proxim- 
ity to one another, a group of crystals results. 

While no simple definition distinguishing between 
single cr3rstals and crystal groups can be offered, 
there should be little chance of a misconception 
arising through the use of the following definition. 

A Cryital Defined. 

A crystal is a crystalline substance bounded 
wholly or partially by natural plane surfaces called 
faces which have not been produced by external 
forces. 
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From what has been said it must be evident that 
a crystal always has a crystaUine structure, but it is 
equally important to remember that crystalline sub- 
stances do not by any means always occur in crys- 
tals. These are the exception rather than the rule, 
and develop only when conditions are favorable. 
When faces are lacking, other features (such as the 
presence of cleavage) or physical tests must be used 
to determine whether a substance is crjrstaUine or 
amorphous. 

Formation of Crystals: Crystals may form in two 
ways, namely, through deposition from solutions 
(including fusions which are now recognized as forms 
of solution) and from the sublimed (gaseous) condi- 
tion. In either case, a soUd molecule having formed, 
growth occurs through the addition of myriads of 
other molecules which surround the first according 
to some definite geometric plan. If the resulting 
crystal is in suspension in a gas, vapor, or Uquid, it 
will be entirely bounded by crystal faces; otherwise, 
only those portions that are surrounded by the gas, 
vapor, or Uquid will develop in the manner outlined. 

Crystals are often formed in the manufacture of 
artificial substances, and these are subject to the 
same laws that apply to mineral crystals. 

Crystallography Defined. 

Crystallography is the science that deals with 
crystals. 

Three branches of this science are recognized. 
These are geometrical crystallography, physical 
crystallography, and chemical crystallography. The 
scope of each is suggested by its name. The student 
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of determinative mineralogy is most concerned with 
the first of these branches, and this manual deals 
almost entirely with that phase of the science. 

The study of crystals has great practical value to 
a mineralogist since it has been found that each 
crystalline mineral occurs in crystals whose shapes 
resemble each other very closely, and are, indeed, 
frequently almost identical no matter where found. 
Further, it is true that crystals of different minerals 
are usually quite dissimilar, and it is often possible 
for one familiar with crystallography to distinguish 
easily between two crystallized minerals which, 
except for the difference in their crystals, resemble 
each other very closely. Crystallographic terms are. 
also employed in describing features used as criteria 
in determinative mineralogy. 

FUNDAMENTAL DEFINITIONS 

Some of the definitions that follow apply only to 
geometrically perfect crystals or crystal models. In 
the cases of incomplete and distorted crystals (dis- 
cussed later) these conceptions will have to be 
modified as suggested in the concluding chapter. 

A Symmetry Plane Defined. 

A symmetry plane is any plane which divides an 
object in such a way that any line drawn perpen- 
dicular thereto, if extended in both directions, will 
strike the exterior of the object in similar points 
which are equidistant from the dividing plane. 

Thus, in Fig. 1, A A' is a symmetry plane because 
a perpendicular drawn to it at any point, as at B, 
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strikes the exterior at C and at C which are similar 
points equidistant from the plane. MM' is not a 
symmetry plane, however, since a perpendicular 
erected to it at iV strikes the exterior at and 0' 




which are neither similar points (one is at a comer 
and the other Ues on an edge) nor are they equi- 
distant from the plane under consideration. It 
should be observed, however, that the perpendicular 
erected at B strikes the exterior at Z and Z' which 
are similar points and are equidistant from MM\ 
The definition states, however, that, in order that 
a given plane shall be a symmetry plane, the test 
given must be applicable to any perpendicular one 
chooses to select, and it has already been shown that 
it does not hold in the case of 00'. 

The object used in the illustrations Just given is a 
surface, but the same considerations apply to sym- 
metry planes in solids. 

Another definition of a synmietry plane especially 
useful in the case of solids is the following: 

A symmetry plane is any plane so situated that, 
if it were a mirror, the reflection of the portion ixx 
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front of the mirror would seem to coincide exactly 
with the part behind. 

From what has been said it is easy to see that, 
while symmetry planes divide objects into halves 
identical in shape and size, the mere fact that an 
object is so divided does not prove that the dividing 
plane is a synmietry plane. In Fig. 1 plane MM' 
divides the object into equal halves, but is not a 
symmetry plane. 

As a corollary of the foregoing, it may be said 
that a symmetry plane is any plane that divides an 
object in such a way that every edge, comer, and 
face on one side of the plane is exactly balanced by 
identical edges, comers, and faces directly opposite 
on the other side of the plane. 

All symmetry planes may be called either principal 
symmetry planes or secondary (sometimes called 
common) symmetry planes, as is explained later. 

A Symmetry Axis Defined. 

A symmetry axis is the line or direction perpen- 
dicular to a S3anmetry plane and passing through 
the center of the object. 

A Pri2i€ipal Symmetry Plane Defined. 

A principal symmetry plane is a symmetry plane 
perpendicular to which lie at least two interchangeable 
symmetry planes (either principal or secondary). 

It should be remembered that there are three 
parts to this definition, and that any principal 
symmetry plane mtiist conform to all of them. 
First, it must divide an object symmetrically — be 
a sjrmmetry plane as already defined. Second, at 
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least two other symmetry planes existing in the 
object must be perpendicular to the plane under 
consideration (these need not be perpendicular to 
each other). Third, the two or more synmietry 
planes perpendicular to the one imder consideration 
must be interchangeable. This third condition is 
the one most frequently misunderstood or over- 
looked by beginners. Attention should, then, be 
especially directed to the following paragraph. 

Interchangeable Symmetry Planes and Axes Defined. 

Two symmetry planes or axes are said to be inter- 
changeable when one plane or axis may be placed in 
the position of the other plane or axis without 
apparently altering the appearance or position of 
the object. 

A Principal Symmetry Axis Defined. 

A principal symmetry axis is a symmetry axis 
perpendicular to a principal symmetry plane. 

A Secondary (or Common) Symmetry Plane Defined. 

A secondary symmetry plane is any sjnnmetry 
plane that does not possess the characteristics of a 
principal symmetry plane as aheady defined. 

A Secondary Symmetry Axis Defined. 

A secondary symmetry axis is a symmetry axis 
perpendicular to a secondary sjnnmetry plane. 

An Interfacial Angle Defined. 

An interfacial angle is an angle formed at the 
intersection of two faces or the planes of two faces. 
It must be measured perpendicular to the edge 



1 



L ! 



FUNDAMENTAL DEFINITIONS 9 

formed by the intersection of the two faces; or, if 
the faces do not intersect in an edge, the measure- 
ment must be made perpendicular to the imaginary 
line located at the intersection of the planes of the 
two faces. 

A Zone Defined. 

A zone is a group of faces in the form of a belt or 
band which extends around a crystal in such a way 
that the edges formed by the mutual intersections 
of the faces are all parallel. 



A Zonal Azia Defined. 

t , A zonal axis is a line through the center of a 
{ crystal parallel to the faces of a zone. 

: Replaced Edge, and Comer. Defined. 

A face is said to replace an edge when that face is 
s ' substituted for, and lies parallel to, the edge, yet is 
' not equally inclined to the two faces whose inter- 
section would form that edge. 

Similarly, a face may be said to replace a comer 

^ formed by the intersection of three or more faces 

* when it is substituted for that corner, but is not 

I equdWy inclined to at least one set of similar faces 

I whose intersection would form that comer. 

• 

Truncated Edges and Comen Defined. 

A face is said to truncate an edge when it is sub- 
stituted for that edge in such a way as to be parallel 
[^e to it and to make equal angles with the faces whose 
jg intersection would form that edge. Fig. 2 shows a 
ga crystal with truncated edges. 
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Similarly, a face may be said to truncate a comer 
when it is substituted for that comer and makes 
equal angles with all similar faces 
whose intersections would forai 
that comer. Fig. 2 shows a crys- 
tal with truncated comers. 




FiQ. 2. — Hexahe- 
dron (cube) with 
edges truncated by 
the dodecahedron, 
and comers truncated 
by the octahedron. 




Beveled Edges Defined. 

Two faces are said to bevel an 
edge if they replace the edge in 
such a way that equal angles are 
formed between each replacing 
face and the adjacent faces 
whose intersection would form 
the edge. Fig. 3 shows a crystal 
with beveled edges. 



A CryBtal System Defined. 

All those crystals which con- Fig. 3. — Hexahe- 
tain the same number and kind dron (cube) with 
of symmetry planes (together ©dges beveUed by the 

.,1 .1 J J i_ J.1- tetrahexahedron. 

With others produced by the 

suppression of certain faces in accordance with 
definite laws, which may be regarded as modifi- 
cations of these) are said to belong to the same 
crystal system. 

Number and Names of the Crystal Systems. 

Any crystal may be placed in one of six crystal 
systems. Of these there are 32 subdivisions or 
classes, but few or no minerals are known to occur 
in some of these, so famiUarity with all of them is 
unnecessary. 
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The six crystal sjnstems are as follows:^ 
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Number and kind of symmetry planes in 

crystab with the fully developed 

Bsrmmetry of tPe system. 


Name of the system. 


Principal. 


Secondary. 




8 

1 
1 







e 

6 

4 

3 

1 



Isometric 

Hezagonal 
Tetraflonal 

Ortborhombio 

Monodinio 

Triolinio 



Any one crystalline mineral species always occurs 
in crystals characterized by the presence of a definite 
number and kind of symmetry planes, which is 
equivalent to saying that its crystals always belong 
to a certain one of the subdivisions of the above- 
mentioned crystal systems. Crystals containing the 
same kind and number of symmetry planes are said 
to show the same degree of symmetry. 

^ As it is absolutely necessary that the student should be 
able to recognize symmetry planes and to distinguish be- 
tween principal and secondary symmetry planes, it is desir- 
able that, before proceeding further, a number of cr3rBtal 
models should be separated, first into three groups each con- 
taining the same number of principal symmetry planes, and 
then into the six crystal systems, to do which the number 
of secondary synmietry planes must also be considered. 
Wooden models for this work are manufactured by Dr. F. 
Krantz, Bonn on Rhine, Germany, and sold at an average 
price of less than $0.50 each. 
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Designating the Poiition of Planes in Space. 

The position of any plane may be defined by 
ascertaining its relation to three fixed lines or axes 
intersecting in a common point called the origin. 
This may be done by determining the distance and 
direction from the origin to the point at which the 
plane cuts each axis. As crystals are bomided by 
faces which are circumscribed portions of planes, 
the positions of such faces may be given by referring 
them to such a system of axes. 

Crystal Axes Defined. 

Crystal axes are fixed Unes or directions to which 
crystal faces are referred for the purpose of ascer- 
taining their mutual relationships. 

General Rule for Choosing Crystal Axes. 

Select the crystal axes so that they coincide where 
possible with symmetry axes, giving the preference 
to principal symmetry axes; but when an insuffi- 
cient number of symmetry axes are present choose 
lines passing through the center of the crystal and 
parallel to prominent crystallographic directions, 
preferably edges. The crystal axes should intersect 
at as nearly right angles as possible in all systems 
but the hexagonal in which it is convenient to have 
the horizontal axes intersect at angles of 60^ and 120^, 
instead of 90**. 

The Terms Crystal and Symmetry Axes not Synony- 
mous. 

Care should be exercised not to confuse the terms 
crystal axes and synunetry axes. While it is true 
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that these sometimes coincide, they do not by any 
means always do so. Some symmetry axes are 
never used as crystal axes; and many crystal axes 
are not symmetry axes at all. 

Designation and Use of CryBtal Axes. 

It is customary to call the crystal axis extending 
from front to back the a axis, the one from right to 
left the b axis, and the vertical one the c axis. Inter- 
changeable crystal axes are represented by the same 
letter, however. 

It will later be made plain that the faces on any 
crystal may be separated into groups each of which 
is characterized by the fact that its faces (or the 
planes of the faces) intersect all the crystal axes at 
distances from the origin which bear the same fixed 
ratios to each other. It has been observed that, in 
the case of any given mineral species, certain such 
groups are comparatively common while others are 
less common or rare. It is the usual presence of 
certain such groups of faces that causes the crystals 
of any given species to resemble each other very 
closely, and makes it possible to classify instantly 
many minerals occurring in crystals. 

Qround-f orm or Unit-form Defined. 

The ground-form or unit-form of the crystals of 
any mineral species is the most commonly occurring 
group of faces that intersect all the crystal axes at 
finite distances from the origin which distances bear 
the same fixed ratios to each other. In the iso- 
metric system the octahedron (see p. 19) is called 
the ground-form. 
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Uxiit Axial Lengths Defined. 

The distances from the origin at which the faces 
(or faces extended) of the ground-form intersect the 
cr3rstal axes are considered the unit axial lengths 
of those axes, provided that such a scale be used 
as will make the length of at least one of these 
axial lengths imity. This definition applies to all 
systems but the isometric. In that system the 
unit axial length is the shortest one of the three 
distances measured from the origin to the points 
where a face (or the plane of a face) intersects the 
crystal axes. 

Practically, of course, any scale can be used in 
making the measurements mentioned in the last 
paragraph, since, for instance, if the distances 
measured in any scale on the a, &, and c axes are, 
respectively, 1.817, 1.112, and 1.253, and it is 
desired to have the b axial length unity, this may be 
brought about without affecting the ratio between 
the expressions by dividing each of the three expres- 
sions by the value for b. If this is done, the results 
will be 1.634, 1.000, and 1.125 which are the unit 
axial lengths of the crystals of the mineral selected 
as an illustration (sylvanite). 

The letters a, 6, and c are used not only to desig- 
nate the crystal axes, but also to represent the unit 
axial lengths of these axes. 

The distances from the origin at which faces (or 
faces extended) other than those belonging to the 
ground-form dut the axes are expressed in terms of 
the unit axial lengths, as 4a, 26, and Ic. If it is 
desired to have unity for the coefficient of fe, this 
may be secured by dividing each expression by the 
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coefficient of b, which reduces the expressions to 2a, 
Ibf and ^c. 

A, Parameter Defined. 

A parameter is the distance from the origin to the 
point where a face (or a face extended) cuts a crystal 
axis, measured in terms of the imit length of that 
axis. Thus, in the illustration given in the preced- 
ing paragraph, 2, 1, and ^ are the parameters of the 
face under consideration on the a, 6, and c axis, 
respectively. It is customary to use m, n, and p as 
general expressions for parameters. A face parallel 
to an axis will intersect that axis at infinity, and will 
have infinity (oo ) for its parameter* on that axis. 

The Law of Rationality of Parameters. 

Parameters are always rational, fractional or 
whole, small or infinite numbers. 

Crystal Form Defined. 

A crystal form is a group of faces with identical 
parameters all of which are necessary to complete 
the symmetry of the system. 

In explanation of this definition, it may be stated 
that in studying any system of crystals, if we assmne 
the presence of a face or plane of given parameters, 
there must be present a definite number of other 
faces with identically the same parameters in order 
that the complete synmietry of the system may be 
shown. Such a group of faces is technically known 
as a crystal form. It will later be shown that there 
are seven distinctly different forms in each system 
and in each subdivision of a system. 
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CryBtal Form and Shape DifEerentiated. 

The student should be careful not to confuse the 
terms "form" and "shape" as applied to crystals. 
A crystal may have the general appearance of a 
cube, for mstance, yet bear no faces with the param- 
eters characteristic of the crystal form known as 
the cube. It may still, with propriety, be said to 
have a cubical shape, although the crystal form 
known as the cube is not represented upon it. 

Symbol Defined. 

A symbol in the Weiss system, of which a slight 
modification is used in this book, is the product of 
the parameters of a face and the corresponding unit 
axial lengths, arranged in the form of a ratio, as 
na :b : inc. 

Since every face of any one form has the same 
parameters and unit axial lengths, it follows that the 
symbols of any face may be regarded as the symbol 
of the form of which that face is a part. 

Several other systems of symbols are in more or 
less widespread use, and are presented in the more 
extended textbooks on crystallography. Lists of 
such symbols without further explanation are 
in this book appended to the description of each 
crystal system. 

Law of Axes. 

The opposite ends of crystal axes (as well as of 
symmetry axes) must be cut by the same number of 
similar crystal faces similarly arranged. 

The importance of this law will be understood when 
the monoclinic and triclinic systems are studied. 
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Bolohedral, Hemihedral, and Tetartohodral Forms 
Defined* 

Holohedral Forms: When a form has the full 
symmetry of the system to which it belongs (see 
p. 11) it is said to be holohedral. 

Hemihedral (half) Forms: A hemihedral form may 
be conceived to be developed by dividing a holo- 
hedral form by means of a certain set or sets of 
symmetry planes into a nimiber of parts, then 
suppressing all faces lying wholly within aUemaie 
parts thus obtained, and extending aU the remaining 
faces until they meet in edges or comers. 

Tetartohedrd (qiuirter) Forms: Tetartohedral forms 
may be conceived to be developed from holohedral 
ones by the simultaneous appUcation of two different 
types of hemihedrism. These may be regarded as 
the half forms of half forms. 

Hemimorphic CryBtals Defined* 

A hemimorphic crystal is one in which the law of 
axes is violated so far as one crystal axis is con- 
cerned; that is, the opposite ends of one crystal 
axis are not cut by the same number of similar faces 
similarly arranged. 

(Comparatively few minerals occur as hemimorphic 
crystals. 



CHAPTER II 

ISOMETRIC SYSTEM 

HOLOHEDRAL DIVISION 
SynmiiOtry. 

The holohedral division of the isometric system is 
characterized by the presence of three interchange- 
able principal symmetry planes and six interchange- 
able secondary sjrmmetry planes. The former 
intersect at angles of 90**, and the latter at 60®, 90**, 
and 120° angles. The two classes of synmietry 
planes are so arranged that every 90° angle between 
principal symmetry planes is bisected by a secondary 
symmetry plane. 

The Selection, PoBition, and Designation of the Crystal 
Axes. 

In accordance with the general rule (see p. 12), 
the crystal axes in the isometric system are chosen 
so as to coincide with the principal symmetry axes. 
There are, then, in the isometric system three inter- 
changeable crystal axes which are at right angles to 
each other. One is held vertically, and one so as to 
extend horizontally from right to left; the other 
must then extend horizontally from front to back. 
Since all of these axes are mutually interchangeable, 
each is called an a axis. 

When a crystal is so held that the crystal axes 

extend in the proper direction as viewed by the 

observer it is said to be oriented, 
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OrientiDg Crsrstals. 

Holohedral isometric crystals are oriented by 
holding a principal symmetry plane so that it ex- 
tends vertically from front to back; then rotating 
the crystal aroimd the principal symmetry axis 
perpendicular to this plane imtil another principal 
symmetry plane extends vertically from right to 
left, and a third such plane Ues horizontally. The 
crystal axes will then extend in the proper directions. 

An Octant Defined. 

An octant in all systems but the hexagonal is one 
of the eight parts obtained by dividing a crystal by 
means of three planes each of which contains two 
crystal axes. 

Holohedral Isometric Forms Tabulated. 

The holohedral isometric forms, together with other 
data relating to each, are given in the following table : 





Qjrmbol. 


Name. 


Num- 
ber of 
faces. 


Three axes cut alike 


a: a: a 


Octahedron (Fig. 4) 


8 


Two axes 


Two axes cut at 
a distance < 
the other 


a: a: ma 
a:a: aoa 


Triaoctahedron (Fig. 6) 
Dodecahedron (Fig. 6) 


24 
12 


cut alike 


Two axes cut at 
a distance > 
the other 


a: ma: ma 
a: coa: aoa 


Trapesohedron (Fig. 7) 
Hexahedron (cube) 
(Fig. 8) 


24 
6 


Three axes out unlike 


a:ma:na 
a: ma: ooa 


Hexoctahedron (Fig. 9) 
Tetrahexahedron (Fig. 10) 


48 
24 



Notes, — In the isometric system, m and n are never less than unity. 

In the isometric system, it is customary to abbreviate the sym- 
bols by omitting the letter a and the ratio sign as Imn for 
a:ma:na. 

The sjrmbol a: a: ma, for instance, is read a, a, ma without men- 
tion of the proportion signs. 
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Fig. 4. — Octahedron. 



Fig. 5. — Trisoctahedron. 





Fig. 6. — Dodecahedron. 



Fig. 7. — Trapezohedron. 




Fig. 8. — Hexahedron (cube). Fig. 9. — Hexoctahedron. 




Fig. lO.—Tetrahexahedron. 



SynonymB for the NameB of the Holohedral Isometric 
Forms. 

Octahedron — none. 

Trisoctahedron — trigonal trisoctahedron. 
Dodecahedron — rhombic dodecahedron. 
Trapezohedron — icositetrahedron or tetragonal 
trisoctahedron. 
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Hexahedron — cube. 
Hexoctahedron — ^none. 
Tetrahexahedron — none. 

Method of Determining Holohedral iBometric Forms 
by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described select any face in the upper right 
octant facing the observer, Ld ascertain the%elative 
distances from the origin at which its plane cuts the 
three crystal ax^. This may be done mentally or 
by laying a card upon the face and using a pencil to 
represent each axis in turn. If it appears that the 
three axes are cut equally, the symbol of the face 
(and of the form of which it is a part) is a : a : a. 
By referring to the table given on p. 19, which 
should be memorized as soon as possible, it is seen 
that the form is the octahedron. Similarly, if 
the plane of the face cuts one axis comparatively 
near the center of the crystal, and the other two 
at greater, but equal, distances, the symbol is 
a :ma : ma, and the form represented is the trapezo- 
hedron. 

If more than one form is represented on the 
crystal (see p. 25), each may be determined in the 
same way. By using this method, it may be found 
that a crystal like Fig. 2 shows the hexahedron, 
dodecahedron, and octahedron; and, no matter how 
complex a crystal may be, the forms represented 
upon it may thus be readily ascertained. 

After the name of a form has been determined by 
the method suggested the result may be checked by 
noting whether the form in question has the requisite 
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number of faces. To determine the number of 
faces, it is only necessary to count those lying in one 
octant and to multiply this sum by eight. If it is 
found, for instance, that three half (IJ) faces lie 
within an octant, the form has eight times one-and- 
a-half , or twelve faces, and is a dodecahedron. 



Suggestions for Attaining Facility in the Recognition 
of Forms. 

While it is permissible and, in fact, ahnost neces- 
sary at first to use the symbols for the purpose of 
determinmg crystal forms, this method is too slow 
to be wholly satisfactory, and should quickly be 
displaced by the one outlined below, which has for 
its aim the instantaneous determination of forms 
through familiarity with the position or slope of one 
or more of their faces. 

In order to use this method, orient the crystal, 
and study the face or faces of different shape or size 
in or near the upper right octant facing the observer. 
Then determine which of the following descriptions 
(which should be learned at once) apply to the face 
or faces seen. 

Cube: A horizontal face on top of the crystal. 
The faces of the cube are parallel to the principal 
symmetry planes. 

Dodecahedron: A face parallel to the right and left 
axis and sloping down toward the observer at a steep 
angle — 45° from the horizontal. The dodecahedron 
has three faces lying in the octant with an edge 
running from above the center of the octant up to- 
ward the vertical axis, but these faces do not he 
wholly mthin the octant. (Compare with the tris- 
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octahedron.) The faces of the dodecahedron are 
paraUel to the secondary symmetry planes. 

Tetrahexdhedron: A face parallel to the right and 
left axis and sloping down toward the observer at 
a relatively gentle angle — less than 45° from the 
horizontal. The tetrahexahedron has six faces lying 
in the octant, but they do not he wholly within the 
octant. (Compare with the hexoctahedron.) 

Octahedron: A single face in the center of the 
octant, sloping steeply down from the vertical axis — 
at an angle of 54|° with the horizontal. 

Trapezohedron: Three faces lying wholly within 
the octant and so arranged that a face slopes above 
the center of the octant up toward the vertical axis 
at an angle less steep than that shown by the octa- 
hedron. It is often useful to remember, further, 
that two faces forming part of the same trapezo- 
hedron may intersect hehm the center of the octant in 
an edge that points directly toward the vertical axis. 

The trapezohedron is most apt to be confused 
with the trisoctahedron, described below, and the 
two descriptions should be carefully compared. 

Trisoctahedron: Three faces lying wholly within 
the octant and so arranged that in the unmodified 
form an edge slopes above the center of the octant up 
toward the vertical axis. Even when so modified 
that the edge is lacking, it is easy to see that two 
faces extended would intersect in such an edge. 

Hexoctahedron: Six faces lying wholly within the 
octant. As with the trisoctahedron and dodeca- 
hedron, there is, on the unmodified form, an edge 
running above the center of the octant up toward 
the vertical axis. 
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Fixed and Variable Fonmi Defined. 

A Fixed Form: A fixed form is one that has no 
variable parameter {m, n, or p) in its general symbol. 
The octahedron, dodecahedron, and cube are fixed 
holohedral isometric forms. 

The fixed forms never vary in the slightest degree 
in appearance, and their interfacial angles are fixed 
quantities. 

A Variable Form: A variable form is one that has 
one or more variable parameters (m, n, or p) in its 
general symbol. That is, the symbol contains one 
or more parameters to which various values, such 
as 2, 2^, 3, etc., may be assigned without affecting 
the naming of the form. The trisoctahedron, trape- 
zohedron, hexoctahedron, and tetrahexahedron are 
variable holohedral isometric forms. 

Two or more variable forms of the same name may 
differ considerably in shape if the values of the vari- 
able parameters in then* 
symbols are materially 
different. For instance, 
Fig. 11 shows two trape- 
zohedrons that do not 
resemble each other very ^Q» !!• — Trapezohedrons 
closely. This is because with ^mbols (onleft) a:2a: 

tne symbol oi tne one 

to the left is a : 2a : 2a, while that of the one to 

the right is a : 3a : 3a. 

Interfacial Angles of the Fixed FormB. 

Octahedron, 109° 28 J' (usually given as 109^*"). 
Dodecahedron, 60°, 90°, and 120°. 
Cube, 90°. 
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The interfacial angles of the fixed forms are often 
called the fixed angles of a system. 

Combination of Forms. 

It will be found that, while some crystals are 
boimded by a single crystal form, the majority 
exhibit more than one such form. When this is the 
case the shapes of the faces shown in Figs. 4 to 10, 
indusive, may be decidedly changed, but their 
symbols will remain imaltered. 

Determination of the Number of Forms on a Crystal. 

On a perfectly developed crystal there are as 
many forms as there are differently shaped and 
dimensioned faces. This is equivalent to saying 
that, whether unmodified or modified by the pres- 
ence of other fonns, aU the faces of a given crystal 
form on a crystal are of identically the same shape 
and size. 

Repetition of Forms on a Crystal. 

Each of the fixed forms can occur but once on a 
crystal. 

Each of the variable forms may occur an indefinite 
number of times on a crystal. Theoretically, one 
might say an infinite rather than an indefinite 
number of times, but, practically, the number of 
times a variable form is repeated on a crystal is 
usually small. 

In order that a given variable form may occur 
more than once on a crystal, it is, of course, necessary 
that the symbols of the various forms of the same 
name differ as regards the values of the variable 
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parameter or parameters. ThiiSi the trapezohedrpn 
a :2a :2a can occur but once on a crystal, but it 
may be combined with the a : 1) a : 1} a trapezo- 
hedron, the a :Sa :3a trapezohedron, etc. 

Holohedral isometric models showing repeated 
forms are difficult to obtain. 



Modification of Fixed ForniB. 

It will be found useful to memorize the names of 
the forms which truncate and bevel the edges, and 
truncate the comers, of each of the fixed forms, as 
set forth in the following table: 



Form modi- 
fied. 


Form truncat- 
ing edflee. 


Form bevding 
edges. 


Form truncating 
comerB. 

• 


Octahedron 
Dodecaliedron 


dodecahedron 
trapesohedron 
dodecahedron 


trifloctahedron 
hexoctahedron 
tetrahezahedron 


cube 

cube and octahedron 


Cube 


octahedron 



The Triangle of Forms. 

It will be found advantageous to arrange the 
crystal forms around a triangle as shown in Fig. 12. 
The fixed forms are at the corners of this triangle, 
while the variable ones completely fill its sides and 
center. Theoretically there is an infinite number 
of trisoctahedrons along the left-hand side, each of 
which differs from the others as regards the magni- 
tude of the variable parameter. Similarly the other 
sides of the triangle are filled with infinite numbers of 
trapezohedrons and tetrahexahedrons, while the in- 
terior of the figure should be conceived as completely 
filled with an infinite quantity of hexoctahedrons. 
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Utilization of the Triangle of Fomu. 

The triangle may be used to identify small, obscure 
forms replacing or truncating the edges between 
larger and more easily recognized ones, since a form 
lying in a straight line between two other forms on 

a:a:a 




a.'CL'ma -^ — a:a:coa — ^ a:coa:coa 

Fig. 12. — " Triangle of Forms." 

the triangle will replace or truncate the edge between 
those same forms on a crystal. For instance, sup- 
pose a small face replaces the edge between a do- 
decahedron and a cube. Reference to the triangle 
shows that the only form lying in a straight Une 
between the dodecahedron and the cube is a tetra- 
hexahedron. The tetrahexahedron must then be 
the form whose name is sought. From what was 
said in the preceding paragraph, it must be evident 
that an indefinite number (theoretically infinite) of 
tetrahexahedrons may replace the edge between 
a cube and dodecahedron.' Similarly, it may be 
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ascertained that notbii^ but hexoctahedrons can 
replace the ei^ between a trapezohedron and a 
dodecahedron, or between an octahedron and a 
tetrahexahedron; while the only form that can 
replace the edge between two trisoctahedrons is 
another trisoctahedron. 

Hni*t'"g TanoM Dftfltwd. 

Limiting forms are those forms which a variable 
form approaches in appearance {"shape") as the 
variable parameter (or parameters) in its symbol 
approaches either unity or infinity. Thus, a trape- 
zohedron (a -.ma : ma) approaches an octahedron 
(a : a : a) in symbol and in shape as m f^proaches 
unity, and a cube (a : ooa : ooa) as m approaches 
00 . The octahedron and cube are, then, said to be 
limiting forms of the trapezohedron. 

Where a variable form is situated on one side of 
the triangle of forms, the two forms at the extremity 
of that side are its limiting forms. The hexocta- 
hedron, in the interior of the triangle, has all the 
other six forms as its limiting forms. 




Fig. 13. — Holohedral isometric crystals. 
A: Octahedron (o), trapewjhedron (nt), trisoctahedron (p), 
and hexocttkbedron (x). 
B: Cube (o), and two tetrahexahedrons (A and k). 
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TETRAHEDRAL (INCLINED) HEMmEDRAL 

DIVISION 

Development or Derivatiozi of the Forms. 

Tetrahedral hemihedral isometric forms may be 
conceived to be developed by dividing each holo- 
hedral form by means of the three principal symmetry 
planes into eight parts (octants), then suppressing 
all faces lying wholly within alternate parts thus 
obtamed, and extending aU the remaining faces until 
they meet in edges or comers. 

Symmetry* 

Tetrahedral hemihedral forms possess only the six 
secondary symmetry planes characteristic of the 
isometric sjrstem, since the method of development 
outUned necessarily destroys the principal synmietry 
planes. 

In general, it may be said that the planes used for 
dividing holohedral forms in the development of hemi- 
hedrdl or tetartohedral forms are always destroyed. 

Selection, Position, and Designation of the Crystal 
Axes. 

The three directions used as crystal axes in the 
holohedral division are still utiUzed for the same 
purpose in the tetrahedral hemihedral division. In 
other words, three interchangeable directions at 
right angles to each other are used, one of which is 
held vertically, another extending horizontally from 
right to left, and the third extending horizontally 
from front to back. These are, however, no longer 
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symmetry axes, as they were in the holohedral divi- 
sion. Each is called an a axis, as in the holohedral 
division. 

Orienting CryBtals. 

Tetrahedral hemihedral crystals are oriented by 
holding a synmietry plane (secondary) so that it ex- 
tends vertically from front to back, then rotating 
the crystal around the symmetry axis perpendicular 
to this plane imtil a second symmetry plane extends 
vertically from right to left, and, finally, rotating 
the crystal around a vertical axis 45^ either to the 
right or left. When this has been done the sym- 
metry planes will occupy their proper positions, and 
the crystal axes will extend in the proper directions. 

Tetrahedral Hemihedral Isometric FormB Tabulated. 



Name. 



=tTetrahedron (Fig. 14). 

=t Trigonal triatetrahedron ) 
(Fig. 15) J 

± Tetragonal tristetrahedron ) 
(Fig. 16) J 

± Hextetrahedron (Fig. 17) ... . 

Hexahedron (cube) (Fig. 8) 

Dodecahedron (Fig. 6) 

Tetrahezahedron (Fig. 10) 



Symbol. 



a: a: a 



± 


2 


dh 


a: ma: ma 


2 


± 


a: a: ma 


2 


zk 


a:ma:na 


2 


a: 


ooa'.coa 




2 


a: 


a:coa 




2 


a: 


ma: CO a 



2 



Num- 
ber of 
faces. 



4 

12 

12 
24 



12 



24 



Form from which 
derived. 



octahedron 

trapeiohedron 

triaootahedron 
hezootahedron 

hexahedron (cube) 

dodecahedron 

tetrahexahedron 



TETRAHBDRAL HEMIHEDRAL DIVISION 31 




Fia. 14. — Positive (on left) and negative (on right) t«tr»- 
hedrons conttunii^ the forms from which they are derived. 
The Buppressed faces are shaded. 



Fia. 16. — Positive (on left) and negative (on right) trigonal 
trietetrahedronB containing the forms from which they are 
derived. The suppressed faces are shaded. 




Fia. 16. — Positive (on left) and n^ative (on right) tetrago* 
nal tristetrahedrona conttunii^ the fomis from which they 
are derived. The suppressed faces are shaded. 




Fio. 17. — Positive (on left) and negative (on right) hextet- 
rahednxis contatnii^ the forms from which they are derived. 
The suppreesed facee are shaded. 
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Ssrnonyms for the Names of the Tetrahedral Heznihe- 
dral Isometric Forms. 

Tetrahedron — none. 

Trigonal tristetrahedron — tristetrahedron or hemi- 

tetragonal trisoctahedron. 
Tetragonal tristetrahedron — deltoid dodecahedron 

or hemitrigonal trisoctahedron. 
Hextetrahedron — hemihexoctahedron. 

Syxnbols of Hemihedral Forms. 

The symbol of a hemihedral form is the same as 
that of the holohedral form from which it is derived 
excepting that it is written as a fraction with the 
figure 2 as the denominator. This does not mean 
that, in the case of hemihedral forms, the axes are 
intersected at half the holohedral axial lengths, but 
it is merely a conventional method of indicating that 
the symbol is that of a half (hemihedral) form. The 

symbol ' ^ ' is read a, a, a over 2. 

Positive (+) and Negative (— ) Forms Distinguished. 

All those forms produced by the suppression of 
faces lying within the same set of alternating octants 
are said to be of the same sign (+ or — ). It is 
customary to consider those forms with faces largely 
or entirely included within the upper right octant 
facing the observer as +, while those with faces in 
the upper left octant are — . In reality, a + tetra- 
hedron differs in no way from a — tetrahedron 
excepting in position; and a tetrahedron may be 
held in either the + or — position at wiU. It is 
customary to hold a crystal in such a way as to bring 
the larger and more prominent faces principally or 
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entirely into the upper right octant facing the 
observer, which will make these forms + ones. 

If the sign of a form is not specifically stated to be 
— , it is always assumed that the form is +. 

The forms on a crystal may be all of the same sign, 
or + and — forms may be combined. 

If a + and a — form of the same name and with 
identical parameters are equally developed, the 
combination will have the exact external shape of a 
holohedral form. Thus, a + and a — tetrahedron 
equally developed will yield an octahedron. On 
natural crystals equally developed + and — forms 
often differ in that the faces of one may be brilliant, 
and the other dull; or one may be striated, and the 
other unstriated (see p. 138); or one may striate 
another form (see p. 139), and the other fail to do so. 

Method of Determining Tetrahedral Hemihedral Iso- 
metric Forms by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described the cube, dodecahedron, and tet- 
rahexahedron may be identified easily by applying 
the rules akeady given for the determination of 
holohedral forms of the same name. The other four 
forms may be recognized by determining the symbol 
of any face in the manner described in the discSon 
of holohedral forms, dividing this symbol by 2, and 
then ascertaining from the table the name of the 
form possessing this symbol. 

Suggestions for Attaining Facility in the Recognition 
of the Forms. 

Orient the crystal and determine which of the 
following descriptions (which should be learned at 
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once) apply to the face or faces of different shape or 
size seen. Call the forms + or — according to the 
rules already set forth. It is assumed that the 
student is already f amiUar with the rules for recog- 
nizing those forms identical in shape with the holo- 
hedral ones (see p. 22). 

Tetrahedron: A single face in the center of the 
octant, sloping steeply down from the vertical axis 
— at an angle of 54f ° with the horizontal. 

Trigonal Tristetrahedron: Three faces in an octant 
(although not necessarily wholly included within the 
same), so arranged that a face slopes above the 
center of the octant up towards the vertical axis 
at an angle less steep than is shown by the [tetra- 
hedron. 

Tetragonal Tristetrahedron: Three faces lying in an 
octant (although not necessarily wholly included 
therein), so arranged that in the unmodified form an 
edge slopes above the center of the octant up toward 
the vertical axis. Even when so modified that the 
edge is lacking, it is easy to see that two faces 
extended would intersect in such an edge. No faces 
of this form are parallel to any crystal axis or to each 
other. This wiU serve to distinguish this form from 
the one with which it is most easily confused, namely, 
the dodecahedron, the faces of which are arranged 
in vo^raUel pairs. 

Hextetrahedron: Six faces Ijring in an octant (al- 
though not necessarily wholly included therein), 
with no faces parallel to a crystal axis or to each 
other. The latter portion of this statement will 
serve to distinguish the form from the tetrahexa- 
hedron with which it may be most easily confused. 
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Distinction Between Hemihedral and Holohedral Fonns 
of Exactly the Same Shapes. 

The three forms last named in the table of tetra- 
hedral hemihedral forms may differ in no way what- 
ever from the corresponding holohedral forms so far 
as external shapes are concerned; and a model of a 
cube, for instance, may with equal propriety be con- 
sidered either a holohedral or a hemihedral cube. 
On natural crystals, however, hemihedral cubes, 
dodecahedrons, and tetrahexahedrons differ in 
molecular structure and resulting physical proper- 
ties from the holohedral forms of the same name. 
Holohedral and hemihedral forms of the same name 
may often be readily distinguished if striated by 
other forms (see p. 139). 

Reason Why Some Developed or Derived Forms do not 
Differ in Shape from the Forms from which They 
Were Derived. 

In general, it is true that a derived form is identical 
in shape with the form from which it was developed 
when no faces of the latter he wholly within the parts 
obtained by dividing the form in the manner specified 
in the rule for developing the derived form. 

In the tetrahedral division of the isometric system 
the three forms which fail to develop into others 
differing from the holohedral forms in shape are all 
characterized by the fact that they have infinity 
in their symbol. This indicates that each face is 
parallel to one or two of the axes, and must, there- 
fore, lie in two adjacent octants. Since no face Ues 
wholly within an octant, none can be suppressed in 
accordance with the rule given. 
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Law OoTomixig Combination of Forms. 

All the f onus on any one crystal must possess the 
same degree of symmetry as regards their molecular 
structure. 

The law just given is equivalent to the statement 
that it is impossible to have holohedral and hemi- 
hedral, or holohedral and tetartohedral forms on the 
same crystal; and that it is equally impossible for 
forms belonging to different hemihedral or tetarto- 
hedral divisions to occur together. 

It has already been e^^lained that some forms 
really hemihedral so far as their internal structure 
is concerned may be identical with holohedral forms 
in external appearance. These may, of course, be 
combined with the other hemihedral forms pecuUar 
to the same division of the system. The same state- 
ment appUes to hemihedral forms which are identical 
in appearance with hemihedral forms belonging to 
other divisions; and to tetartohedral forms identical 
in shape with those in other tetartohedral divisions 
or with hemihedral or holohedral forms. 

Modification of Fixed Forms. 



Form modified. 



+Tetrahedron . . 

—Tetrahedron . 

Cube 

Dodecahedron . 



Form trimcating 
edges. 



cube 



cube 



dodecahedron 
zbtrigonal tristetra- 
hedron 



Form beveling 
edges. 



+trigona] tri»- 
tetrahedron 

—trigonal tristet- 
rahedron 

tetrahexahedron 

d=hextetrahedron 



Form truncating 
oornere. 



—tetrahedron 

+tetrahedion 

:^tetrahedron 
cube and ±tet^ 
rahedron 
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Miscellaneous. 

All that was said in the discussion of the holohedral 
division concerning fixed and variable fonns, inter- 
facial angles of the fixed forms, combination of 
forms, determination of the number of forms, repe- 
tition of forms on a crystal, the triangle of forms, and 
limiting forms applies with equal truth to all hemi- 
hedral and tetartohedral divisions, excepting that 
the names of the derived forms must be substituted 
in these statements for those from which they were 
derived. 





A B 

Fig. 18. — Tetrahedral hemihedral isometric crystals. 

A: Cube (a), dodecahedron (rf), + and — tetrahedron (o 
and Oi), + hextetrahedron (v), and — trigonal tristetrahe- 
dron (ni). 

B: H- tetrahedron (o), + and — trigonal tristettahedron 
(n and ni), and dodecahedron (d). 



PENTAOONAL (PARALLEL) HEBOHEDRAL 

DIVISION 

Development or Deriyation of the Fomui. 

Pentagonal hemihedral isometric forms may be 
conceived to be developed by dividing each of the 
holohedral forms by means of the six secondary sym- 
metry planes into twenty-four parts, then suppress- 
ing all faces lying wholly within alternate parts thus 
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obtained, and extending the remaining faces until 
they meet in edges or comers. 

Symmetry. 

Pentagonal hemihedral forms possess only tiie 
three principal symmetry planes characteristic of 
the isometric system. 

Selection, Position, and Designation of the Crystal 
Axes. 

The three directions used as crystal axes in the 
holohedral and tetrahedral hemihedral divisions are 
still utilized for the same purpose in the pentagonal 
hemihedral division. In other words, three inter- 
changeable directions at right angles to each other 
are used, one of which is held vertically, another 
extending horizontally from right to left, and the 
other horizontally from front to back. These coin- 
cide in position with the principal symmetry axes, 
and each is called an a axis, as in the holohedral 
division. 

Orienting Crystals. 

Pentagonal hemihedral crystals are oriented in 
exactly the same way as holohedral ones (see p. 19). 





Fig. 19. — Pentagonal Fig. 20. — Diploid con- 
dodecahedron contaming the taining the form from which 
form from which it is derived, it is derived. The suppressed 
The suppressed faces are faces are shaded, 
shaded. 
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Pentagonal Hemihedral Isometric Forms Tabulated. 



Name. 


Ssrmbol. 


Number 
of faces. 


Form from which 
derived. 


Pentagonal dodecahedron ) 
(Fig.l9). J 

Dioloid (Fiff 20> 


a: ma: CO a 

2 
a: maina 


12 
24 

8 
12 

6 
24 
24 


tetrahexahedron 

fi<nMV*i'ji.h^^ mat 


Oct&iliddron CPitt A\ 


2 
a:a:a 


nt^fM-Yti^mn 


Dodecahedron (Fig. 6) 

Hexahedron (cube) (Fig. 8). . . 

Trapesohedron (Fig. 7) 

Trifloctahedron (Fig. 6) 


2 
a: aiooa 


dodecahedron 
hexahedron (cube) 
trapeiohedron 
trifloctahedron 


2 
:ooa: aoa 


2 
a: ma: ma 


2 

a: a: ma 


2 



Synonyms for the Names of the Pentagonal Hemihe- 
dnJ Isometric Forms. 

Pentagonal dodecahedron — pyritohedron. 
Diploid — didodecahedron. 

Method of Determining Pentagonal Hemihedral Iso- 
metric Forms by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described the octahedron, dodecahedron, 
cube, trapezohedron, and trisoctahedron may be 
identified easily by applying the rules already given 
for the determination of holohecbal forms of the 
same name. The other two forms may be recog- 
nized by determining the sjnnbols of any face in the 
manner described in the discussion of the holoheckal 
forms, dividing this symbol by 2, and then ascertain- 
ing from the table the name of the form possessing 
this symbol. 
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Suggestioxui for Attaining Facility in the Determina- 
tion of the Forms. 

Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. It is unnecessary to distinguish between 
positive and negative forms in this division. It is 
assumed that the student is already famiUar with 
the rules for recognizing those forms identical in 
shape with the holohedral ones (see p. 22). 

Pentagonal dodecahedron: A face parallel to the 
right and left axis, and sloping down toward the 
observer at a relatively gentle angle — less than 45° 
from the horizontal. The angle which this face 
makes with a horizontal plane is all that distinguishes 
it from the face of a dodecahedron with which it 
may most easily be confused. 

If after orienting a crystal a prominent face is 
found sloping steeply down toward the observer — 
over 45° from the horizontal, rotate the crystal 90° 
to right or left aroimd the vertical axis before apply- 
ing the rule just given. 

Diploid: Three faces lying wholly within the 
octant, so arranged that none of the edges formed 
by the intersection of the faces in the unmodified 
form point directly toward the vertical axis. This 
appUes either to edges below or above the center of 
the octant. It is useful to remember, further, that 
edges formed by the intersection of a diploid face 
with an octahedron face, either below or above the 
center of the octant, are never horizontal; while a 
trapezohedron face does intersect an octahedron 
above the center on the octant in a horizontal edge; 
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and a trisoctahedron face intersects an octahedron 
face below the center of the octant in a horizontal 
edge. It should be noted further that trapezohedron 
faces intersect cube faces in edges which make right- 
angles with each other, while similar edges formed 
by the intersection of diploid and pube faces are 
never at right-angles. These statements should 
serve to distinguish the diploid from either the 
trapezohedron or trisoctahedron with which it is 
most easily confused. 





A B 

Fio. 21. — Pentagonal hemihedral isometric crystak. 

A: Cube (a), pentagonal dodecahedron (e), and diploid («). 
B: Cube (a), octahedron (o), and pentagonal dodecahedron 



Application to the Law Ooveniing Combination of 
Forms. 

The law already stated (see p. 36) governing the 
combination of forms should not be forgotten when 
naming the forms on a pentagonal hemihedral 
crystal. One of the commonest mistakes made in 
determining crystal forms is to mention two or more 
forms which cannot possibly occur together on a 
crystal, as, for instance, a tetrahexahedron and a 
pentagonal dodecahedron. Any form in the pentag- 
onal hemihedral division may be combined with 
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any other form in the same division, but no form in 
the pentagonal hemihedral division may be com- 
bined with any form in the tetrahedral hemihedral 
or holohedral divisions miless that form occurs also 
in those divisions. The student is very apt to make 
the mistake mentioned unless he can reproduce easily 
from memory the following table: 



Holohedral 
forms. 


Correspondinc tetrahedral 
hemihedral forma. 


CorreBponding pentaeonal 
hemihedral forma. 


Ootahedron 


tetnktdroH 

trioimal triaUtroMroH 

tetrahexahedron 

dodecahedron 
cube 


ootahedron 


Trapeiohedroii. . . 
Tiiaoctahedron... 
Hezoctahedron... 
Tetrahexahedron . 

Dodwah^dron . . . 


tn^Miohedron 
trifloetahedron 
diploid 

m^^rW9wwHlwm%MwwnM^ ^e%#WVVneffVWv ^mWw 

dodMahedron 


Cube 


cube 







It will be noted from the above table that the cube 
and dodecahedron occur in all three of the divisions 
already discussed, and may, therefore, be combined 
with any other forms in these divisions. 

Further, it will be seen that the octahedron, 
trapezohedron, trisoctahedron, and tetrahexahedron 
occur unchanged in name or shape in two of the 
divisions; while the hexoctahedron occurs only as 
a holohedral form. 



GYBOIDAL 



: I -4 .\ M : I 



IDRAL DIVISION 



Gyroidal hemihedral isometric forms may be conceived 
to be developed by dividing each holohedral form by both 
the three principal and the six secondary symmetry planes into 
forty-eight parts, then suppressing all faces lying wholly within 
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alternate parts thus obtained, and extending all the renutin- 
ing faces until they meet in edges or comers. 

Aa the hexoctaliedroa is the only isometric form with 
forty-eight faoee, it ia evident that a hexoctahedron face ia 
the only one that can lie wholly 
within one of the parts obtained by 
dividing an isometric crystal in the 
manner just specified. The hex- < 
octahedron is, then, the only iso- 
metric form from which a gyroidal 

hemihedral form difFeriiw from the „ -. „ . , 

. , , . , v J Fig. 22. — Pentagonal 

holohedral one in ehape and name . -, , . > ,  

.,.,--. , icceitetrahedron conlain- 

can be derived. This new form la . ^, , , , . , 

„ . ., , 1  -1 1 1. mgthe form from which 

called the pentagonal icomtetrahe- 77^ j ' j .m. 
J rr-: nn^^r^- , u « 18 derived. The sop- 

dron (Fig. 22). This form may be ^^^ t haded 

either right- or left-handed, but 

gyroidal hemihedral forma are ao rare and unimportant that 
further diacuasion 'of them seema unnecessary. 



PINTAOONAL TKTABTOHEDRAL DIVISION 

Pentagonal tetart<dtedral iaometrio forms may be con- 
caved to be developed by the simultaneous appUcation of 
any two hemihedrisms, according to 
the principles outlined in the discus- 
sion of the trapeiohedral tetartoh&- 
dral hexagonal diviaion (see p. 72). 

The only holohedral form which 
yields a tetartobedraj form of differ- 
ent ahape and name is the hexocta- , - - . , 
bedron, and the form derived from containing the form 
it is caUed a tetartohedral pen- frcn* which it w derived, 
tagonal dodecahedron, tetarto hex- The suppressed faces are 
octahedron, or tetartoid (Kg. 23). """wed. 
Both + and — , rights and left-handed tetortoids are distin- 
guiahable, but tetartohedral isometric crystals are so rare 
that further discussion of them seems unnecessary. 




Fio. 23. —Tetartoid 

intaining the form 

from which it is derived. 
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Table of iMniistric 9finbols nad bj Yaiioaa Aatfaori- 



Wf 



Nanmann 



ICllflr. 



Oetahednm 

Truoetahadnm .. 
Dodfloahadioii... 
TfBimohadnm... 
Haiah^dron (cube) 
Hooetahedron. . . 
TeCntlMiabednm. 



• :• :« 
€im:wim 

• :«:ae« 

m • ^mM. * WfkM. 

c:aec:eoc 
a:fiM:aoc 



O 

«o 

eoO 

inOfli 
ooOoo 

00 0» 



au) 

OUU) 
(110) 
(UI) 
(100) 
(UO 
(UO) 



WdflB, Naumann, and Dana divide the holohedral sym- 
bols by 2 and by 4 when referring to hemihedial and tetar- 
tohedral forms, respectlTely. Miller prefixes various Greek 
letters when forming the symbols of hemihedral and tetar- 
tohedral forms. 



CHAPTER III 
HEXAGONAL SYSTEM 

HOLOHED&AL DIVISION 
Syinii)L6ti7* 

The holohedral division of the hexagonal system 
is characterized by the presence of one principal and 
six secondary symmetry planes which he at right 
angles to the principal symmetry plane. The 
secondary S3mmietry planes are arranged in two 
groups each of which contains three planes. The 
planes of each group intersect each other at angles 
of 90^ and 120^, and are interchangeable; while the 
planes of one group are non-interchangeable with 
those of the other group which they intersect at 
angles of 30^, 90**, or 150**. 

Selection, Position, and Designation of the Crystal 
Axes. 

The principal symmetry axis is chosen as one of 
the crystal axes, is held vertically, and is called the 
c axis. Three other crystal axes are so selected as. 
to coincide with either group of interchangeable 
secondary sjmametry axes. One is held horizontally 
from right to left. The other two will, then, be 
horizontal, but will make angles of 60^ with each 
other as well as with the right and left axis (see 
Kg. 24). Since all three horizontal axes are inter- 
changeable, they are all called a axes. None of the 
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horizontal axes is interchangeable with the vertical 



axis. 



This is the only system in which more than three 
crystal axes are used. While it would be possible 
to determine the holohedral forms by the use of three 




Fio. 24. — Crystal axes of the hexagonal system. 

non-interchangeable axes intersecting at right angles, 
as in the orthorhombic system (see p. 103), this 
would make it necessary to attach different names 
to faces identically of the same shape and size, and 
would in no way suggest the six- or three-fold arrange- 
ment of faces which distinguishes this system. It 
would further necessitate the devising of new rules 
for developing hemihedral and tetartohedral forms; 
and would lead to so many difficulties that it is far 
simpler to use the three interchangeable horizontal 
axes than two non-interchangeable ones. 
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Orienttng Crystals. 

Holohedral hexagonal forms are oriented by hold- 
ing the principal symmetry plane horizontally, and 
either set of interchangeable secondary symmetry 
planes in such a way that one of the planes will 
extend vertically from right to left. The crystal axes 
v/ill then extend in the proper directions. 

TbM Law of Bationalitj or Irrationality of Ratios Be- 
tween Unit Axial Lengths. 

The ratio between two miit axial lengths on non- 
interchangeable axes is always an irrational quantity; 
while the ratio between the unit axial lengths on 
interchangeable axes is not only a rational quantity, 
but equals unity. 

The law just stated, which appUes to all systems, 
indicates that in the hexagonal system a : c is always 
an irrational quantity. If a be taken as unity, 
which is always done, c may be greater or less than 
unity, but is always an irrational quantity, and is 
usually given to four decimal places. As an illustra- 
tion, consider the hexagonal mineral beryl, of which 
emerald is a variety. The groimd-form of this min- 
eral cuts two of the horizontal and the vertical axes 
at such distances from the origin as will make the 
ratio between a and c as 1 is to 0.4989 (nearly). The 
imit axial distances of this mineral are, then, a = 1 
and c = 0.4989 (nearly). The value of c differs more 
or less for all hexagonal minerals. It is, then, a dis- 
tinguishing characteristic of each hexagonal mineral. 

Since m and n are alwajrs rational quantities (see 
p. 15), it follows that na : c and a : mc are irrational 
quantities; while a : na is a rational quantity. 
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In all systems but the isometric m may be less than 
unity; and it is customary to apply this parameter 
(m) to the unit axial length of the vertical axis, n 
must be greater than unity in the hexagonal and iso- 
metric systems only. 

First Order Position Defined* 

Forms with faces whose planes cut two horizontal 
axes equally (at equal finite distances from the 
origin), and are paraUel to the third horizontal axis, 
are said to be in the first order position. 

Second Order Position Defined* 

Forms with faces whose planes cut two of the 
horizontal axes equaUy and the third horizontal axis 
at a distance from the origin which is half that cut 
off on the other two horizontal axes are said to be in 
the second order position. 

Third Order Position Defined. 

Forms with faces whose planes cut all three 
horizontal axes unequally are said to be in the third 
order position. 

Holohedral Hexagonal Forms Tabulated. 



Name. 


Symbol. 


Number 
otfaon. 


Ist order pyramid (Fie. 26) 


a:a:oo«: me 
aiaiaoaicoe 
2a:a:2a: me 
2 a : « : 2 a : 00 e 
na:a:pa:mc 
naia: paiooe 
00 : oo a : 00 a : c 


12 


1st order Drism (Fis. 26) 


6 


2nd order pyramid (Fie. 27) 


12 


2nd order prism (Fis. 28) 


6 


Dihexaeonal pyramid (Fie. 29) 


24 


Dibexaeonal prism (Fis. 30) 


12 


Ba8ftl-p»"i"*>^d (F»ir. 31) , , , 


2 
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Rl4>i 



Fig. 25. — Ist order pyntmid. Fio. 26. — let order piiam. 




f>CP7l 



Fia. 27. — 2nd order pyramid. Fia. 28. — 2nd order piiem. 



Fig. 29. — Diheaagonal Fio. 30. — Dihexagonal 

pyramid. prism. 






Fig. 31. — Baaat pinticoid. 
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SynonymB for the Names of the Holohedral Hexagonal 
Forms. 

1st order pyramid — 1st order bipyramid, or unit 

P3rramid. 

1st order prism— unit prism. 

2nd order pyramid — 2nd order bipyramid. 

2nd order prism — none. 

Dihexagonal pyramid — dihexagonal bipyramid. 

Dihexagonal prism — none. 

Basal-pinacoid — basal plane. 

Method of Determining Holohedral Hexagonal Forma 
by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described select any face and ascertain the 
relative distances at which its plane intersects the 
four crystal axes, remembering that no face or faces 
extended can cut the vertical axis at the same 
distance from the origin as it cuts any of the hori- 
zontal axes. If, for instance, it appears that the 
plane of the face selected intersects all four of the 
axes, but that the three horizontal axes are all cut 
at unequal distances from the origin, the symbol of 
that face (and of the form of which it is a part) is 
na : a :pa : mc. By referring to the table of holo- 
hedral hexagonal forms (which should be memorized 
as soon as possible) it is seen that the form is the 
dihexagonal pyramid. If more than one form is 
represented on the crystal, each may be determined 
in the same way. 

The parameter p in the symbol of the dihexagonal 
pyramid and prism is not an independent variable, 

but is, in fact, equal to — ^j-r. When n equals 3, 



HOLOHEDRAL DIVISION 51 

for instance, p will equal } or 1}. It might be better 

always to use ;j^ iBsteadof p, but.iftheequaUty 

of the two symbols is always borne in mind, no 
confusion need result. 

It is necessary to write the symbol of hexagonal 
forms in such a way as will make the second part of 
each symbol always a (or oo a in the case of the 
basal-pinacoid). Thus, na :a :pa imc is correct, 
while na :pa : a :mc is incorrect; and a :2 a : 
2a imcis not the symbol of the 2nd order pyramid, 
while 2a : a :2a :mc ia the correct symbol of this 
form. 



Suggestioiui for Attaining Facility in the Recognition 
of Forms. 

Orient the crystal and determine which of the 
foUowing descriptions (which should be learned at 
once) apply to the faces of different shape or size 
seen. 

let order pyramid: A face sloping down from the 
vertical axis directly towards the observer. 

l8t order prim; A vertical face extending from 
right to left. 

£nd order pyramid: A face sloping down from the 
vertical axis directly to the right or left. 

A 2nd order pjrramid differs in no way from a 1st 
order pjn'amid excepting in position with respect to 
the horizontal crystal axes; and a twelve-faced 
pyramid may be placed in either the 1st or 2nd 
order position at will. Such a pyramid may, then, 
be considered either a 1st or a 2nd order pyramid 
depending upon the set of interchangeable symmetry 
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axes with which the crystal axes are chosen to coin- 
cide. It is only when forms in both the 1st and 
2nd order position occur on the same crystal that 
it is necessary to distinguish between 1st and 2nd 
order pyramids. 

£nd order prism: A vertical face extending from 
front to back. 

As is the case with the 2nd order pyramid, a 2nd 
order prism differs in no way from a 1st order prism 




),.... 





FiQ. 32. — Diagrams showing relations of the 1st order 
(A), 2nd order (B), and dihexagonal (C) p3rramids and prisms 
to the horizontal crystal axes. 



excepting in position with respect to the horizontal 
crystal axes; and all that was said in the preceding 
section relative to the 2nd order pyramid applies 
with equal truth to the 2nd order prism. 

It is customary to select the horizontal crystal 
axis in such a way as will place the largest and most 
prominent twelve-faced pyramid or six-faced prism 
in the 1st order position. 

Pyramids and prisms intersecting in horizontal 
edges are always of the same order. 

Dihexagonal pyramid: A face sloping down from 
the vertical axis in such a way that its plane inter- 
sects all three horizontal crystal axes at unequal 
finite distances from the origin. 
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Dihexagonal prism: A vertical face whose plane 
intersects all three horizontal crystal axes at unequal 
finite distances from the origin. 

Bamlr^ncuxnd: A horizontal face on top of a 
crystal. 

Tized and Variable Fomui. 

The only fixed holohedral hexagonal forms are the 
1st and 2nd order prisms and the basal-pinacoid, 
and forms derived therefrom. 

Fixed Angles of the Hexagonal System. 

The only fixed angles in this system are those 
between the fixed forms just mentioned, namely, 
90*^, 120^ (or 60°), and 150° (or 30°). 

BfiiBcellaneous. 

The general statements made in the discussion 
of the holohedral division of the isometric system 





a 




B 
Fig. 33. — Holohedral hexagonal crystals. 

A: Basal-pinacoid (c), 1st order pyramid (r), and 2nd order 
prism (a). 

B: Basal-pinacoid (c), 1st order prism (a), two Ist order 
pyramids (p and u), 2nd order pyramid (r), and dihexagonal 
pyramid (v), 

regarding combination of forms, determination of 
the number of forms, repetition of forms on a crystal,^ 
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and limiting fonns applies with equal truth to all 
the divisions of the hexagonal system. It may be 
mentioned, however, that repetitions of the same 
variable form are very common in the hexagonal 
system, and crystal models showing such repeated 
forms are not difficult to obtain. 
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DoYelopznent or Derivation of the Forms. 

Rhombohedral hemihedral hexagonal forms may 
be conceived to be developed by dividing each of the 
holohedral forms by means of the principal symmetry 
plane and the set of interchangeable secondary sym- 
metry planes corUaining the crystal axes into twelve 
parts, or dodecants, then suppressing all faces lying 
wholly within alternate parts thus obtained, and 
extending the remaining faces until they meet in 
edges or comers. 

Symmetry. 

Rhombohedral hemihedral forms possess three 
interchangeable secondary symmetry planes which 
intersect along a common line at angles of 60° or 120°. 

Selection, Position, and Designation of the Crystal 
Axes. 

The three directions used as crystal axes in the 
holohedral division are still utilized for the same 
purpose in the rhombohedral hemihedral division. 
In other words, the vertical or c axis lies at the inter- 
section of the three secondary synmietry planes; 
while the three interchangeable crystallographic 
directions used as horizontal or a axes are so held 
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that one of them extends from right to left, and each 
of them bisects an angle between two of the second- 
ary symmetry planes. 

Orienting CrystaUi. 

Rhombohedral hemihedral forms are oriented by 
holding a synmietry plane vertically from front to 
back, then rotating the crystal aromid the axis per- 
pendicular to this plane imtil two other symmetry 
planes making angles of 60^ to 120^ with the plane 
first mentioned are held vertically. The crystal 
axes will then extend in the proper directions. 

Rhombohedral Hemihedral Hexagonal Forma Tabu- 
lated. 



Name. 



=k Rbombohedion (Fig. 34) 

HeacagDnal Boalenohedron ) 
(Fig. 86) J 



l8t order priflm (Fig. 26). 



2nd order psmmid (Fig. 27) 



2iid order prism (Fig. 28). 



Dihezagonal prism (Fig. 30) 



Basal-piDAOQid (Fig. 31). . . 



Symbol. 



a I aiooa : mc 



na:a: paime 



2 



a: a:cott:coe 



2a: a: 2a: me 



2a: a:2a:coe 

2 
rui:a: paiooe 



000 : ooa :ooa: c 
2 



Num- 
ber of 
facee. 



6 
12 

6 
12 



12 



2 



Form from which 
derived. 



let order pyramid 

idihengoiial pyrth 

! mid 



1st order prism 



2nd order pyramid 



2nd order prism 



diheiagonal prism 



basal-pinaooid 



Synonyms for the Names of the Rhombohedral Hemi- 
hedral Hexagonal Forma. 

Rhombohedron — none. 
Scalenohedron — none. 
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Positive and Negative Forms Distinguished. 

All those forms produced by the suppression of 
faces lying within the same set of alternating dode- 
cants are said to be of the same sign (+ or — ). It 
is customary to consider those forms with faces 






Fig. 34. — Positive (on left) and 
negative (on right) rhombohedrons 
containing the forms from which 
they are derived. The suppressed 
faces are shaded. 



Fig. 35. — Hexagonal 
scalenohedron contain- 
ing the form from which 
it is derived. The sup- 
pressed faces are shaded. 



largely or entirely included within the upper dode- 
cant directly facing the observer as +, while those 
with faces in the upper dodecant at the back of 
the crystal furthest from the observer are — . In 
reaUty a + rhombohedron diiEfers in no way from 
a — rhombohedron excepting in position; and a 
rhombohedron may be held in either the + or — 
position at will. It is customary to hold a crystal 
in such a way as to bring the largest and most 
prominent rhombohedron face principally or entirely 
into the upper dodecant facing the observer, which 
will make this form a + one. It is possible, but 
imnecessary, to distinguish between + and — hex- 
agonal scalenohedrons. 



RHOMBOHEDRAL HEMIHEDRAL DIVISION 57 

If the sign of a form is not specifically stated as 
being — , it is always assumed that the form is +. 

The forms on a crystal may all be of the same 
sign, or + and - forms may be combined. 

Method of Determining Bhoznbohedral Hemihednd 
Hexagonal Forms by the Use of SymboLi. 

After properly orienting the crystal all the forms 
but the rhombohedron and scalenohedron may be 
easily identified by applying the rules already given 
for the determination of holohedral forms of the same 
name. The two hemihedral forms new in shape 
may be recognized by determining the symbol of any 
face in the manner described in the discussion of 
holohedral forms, dividing the symbol by 2, and 
then ascertaining from the table the name of the 
form possessing this symbol. 

Suggestions for Attaining Facility in the Recognition 
of FormB. 

Orient the crystal and determine which of the fol- 
lowing descriptions (which should be learned at once) 
apply to the face or faces of dijEferent shape or size 
seen. It is assumed that the student is already fa- 
miUar with the rules for recognizing those forms iden- 
tical in shape with the holohedral ones (see p. 51). 

+ Rhombohedron: A face sloping down from the 
vertical axis directly toward the observer. A rhom- 
bohedron has three faces at each end of the vertical 
axis so arranged that a face on top is directly above 
an edge below. 

— Rhombohedron: A face sloping down from the 
vertical axis directly away from the observer, at the 
back of the crystal 
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Hexagonal scalenohedran: A face sloping down 
from the vertical axis in such a way that its plane 
intersects all three horizontal crystal axes at unequal 
finite distances from the origin. 

The hexagonal scalenohedron is most readily 
confused with the 2nd order pyramid. To dis- 
tinguish them, it should be remembered that the 
upper and lower faces of the latter always intersect 
in horizontal edges, and that the interfacial angles 
of the 2nd order pyramid, measured across edges 
converging towards the vertical axis, are all equal. 
Neither statement is true as regards the hexagonal 
scalenohedron. 

BuIm and Conventions Relating to Bhombohedrons. 

As may be gathered from the statements already 
made in this volume (see p. 13), the imit rhombo- 
hedron in the case of any given mineral species is 
usually the rhombohedron occurring most commonly 
on crystals of that mineral. In the case of rhombo- 
hedral minerals with a well-developed rhombohedral 
cleavage (see p. 142), however, it is sometimes foimd 
more convenient to select the cleavage rhombohedron 
as the imit rhombohedron, and to call all distances 
at which this imit rhombohedron cuts the a and c 
axes the unit axial distances a and c. a is made 
equal to unity, and c is then some irrational quantity 
either greater or less than imity. It is customary 
to designate the imit rhombohedron by the symbol 
R which may be + or — according to its position on 
the crystal. 

All other rhombohedrons than R will cut the a 
and c axes at such distances that if a is made equal 
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to unity, mc will be some rational multiple of c. If 
m is equal to 2, the rhombohedron is represented by 
the symbol 2 R, either + or — ; while if m is equal 
to i, the rhombohedron is represented by the symbol 
i R^ either + or — . Similarly, 
a rhombohedron intersecting 
the vertical axis at 3c may 
be represented by the symbol 
3 R, etc. 

It may be readily proved 
geometricaUy (although to pio. 36^iew from 
ofiFer such a proof is beyond above of a unit rhombo- 
the scope of this work) that hedron, with its edges 
any rhombohedron which truncated by — ifi, and 

truncates the edges of another ^^^ ^ ^^ ^^ if *^ 
I. vJT^ 11 • * \ truncated by +i«. 

rhombohedron will mtersect 

the vertical axis at one-half the c value of the trun- 
cated rhombohedron and will be of opposite sign. 
In other words, + R may have its edges truncated 
by — i R; — i R may have its edges truncated by 
+ i R, etc. Stated differently, — i R will truncate 
the edges of + R; or — 2 R will truncate the edges 
of + 4 R. 

From what has been said it is evident that a + 
rhombohedron always truncates a — rhombohedron 
or vice versa. In order to ascertain whether one 
rhombohedron is truncatmg another, it is only neces- 
sary to determine whether one rhombohedron inter- 
sects the other in parallel edges. If a rhombohedron 
is intersected by other rhombohedron faces of 
opposite sign so as to produce parallel edges, the 
former is truncating the latter. Fig. 36 illustrates a 
crystal viewed from above that shows + R, — i R, 
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and + i R. If the rhombohedron represented in 
the case just mentioned as — ^ R be taken as the 
unit rhombohedron, + R, the other rhombohedrons 
shown will be — 2 R and — i R, respectively. 




Fio. 37. — Bhombohedral hemihedr&l hexagonal cryBtala. 
A ; Two + rhombohedrons (r and M) and two Bcaleno- 

hedrons iy and v), 
6: 4- rhombohedron (r) and two Bcalenohedione (tn and i>). 

FTRAMIDAL HUOHEDIUIi DIVISION 
Devvlopmant or Derivation ta tho Forma. 

Pyramidal hemihedral hexagonal forms may be 
conceived to be developed by dividing each of the 
holohedral forms by means of all six secondary 
symmetry planes into twelve parts, then suppressing 
all faces lying wholly within alternate parts thus 
obtained, and extending the remaining faces until 
they meet in edges or comers. 



Pyramidal hemihedral forms possess only one 
symmetry plane which is in the position of the 
principal symmetry plane existing in the holohedral 
division. It is, however, in the pyramidal hemi- 
hedral division a secondary rather than a principal 
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symmetry plane since there are no interchangeable 
syounetry planes perpendicular to it. 

Pyramidal hemihedral hexagonal forms are, then, 
characterized by the presence of one secondary 
symmetry plane, and a general six-fold arrangement 
of faces. 

Selectl<m, Position, and Dssigiuticai of the Crjttal 
Axes. 

The vertical or c crystal axis is made to coincide 
with the secondary symmetry axis. Three inter- 
changeable horizontal axes parallel to prominent 
crystallographic directions at angles of 60° or 120° 
to each other are also selected, and one of these is so 
placed as to extend from right to left. Being inter- 
changeable, all are called a axes. 



Fig. 38. — 3rd order pyra- Fig. 39. — 3rd order priBm 

mid containing the form from containing the form from 

which it ia derived. Sup- which it ia derived. Sup- 

preseed faces are shaded. preaaed faces are shaded. 

Oriontlng Crrstals. 

The secondary symmetry plane is held horizon- 
tally. The crystal is then rotated around the sym- 
metry axis mitil the most prominent pyramid or 
prism lies in the first order position. The crystal 
axes will then extend in the proper directions. 



1 
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Pyramidal Homihedral Hexagonal ForxnB Tabulated. 



Name. 



Srd ard&t pyramid (FSg. 38) 



frd order prism (Fig. 89)... 



let order pyramid (Fig. 26) . 



let order prism (Fig. 28) . 



2iid order pyramid (Fig. 27) 



2nd order prism (Big. 28). 



Baaal-pimu»id (Fig. 31). 



Ssrmbol. 



na : 


a: pa: 


me 


na: 


2 
a: pa: 


Qoe 


2 

a : a : 00 e : 


me 


2 

a:a:aoa: 


ooe 


2a 


2 

: a : 2 a 


: me 


2a 


2 

:a:2a 


:aoe 


ooa 


2 

tooarooa : e 



2 



Num- 
ber of 
faces. 



12 
« 

12 
6 

12 
6 
2 



Fcam from which 
derived. 



dihesagonal pjrramid 
dihexagonal prism 

Ist order pyramid 
Ist order prism 
2nd order pyramid 
2nd order prism 
basal-innaooid 



Synonyms for the Names of the Pyramidal Hemihedral 
Hexagonal Forms. 

3rd order pyramid — 3rd order bipyramid. 
3rd order prism— none. 

Method of Determining Pyramidal Hemihedral Hex- 
agonal Forms by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described all the forms but the 3rd order 
pyramid and prism may be identified easily by 
applying the rules already given for the determina- 
tion of holohedral forms of the same name. Srd 
order pyramids and prisms may be recognized by 
determining the symbol of any face in the manner 
already described in the discussion of holohedral 
forms, dividing this symbol by 2, and then ascertain- 
ing from the table the name of the form possessing 
this symbol. 
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SuggestioDB for Attftining Facility in the Recognition 
of Forms. 

Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. It is possible, but unnecessary, to dis- 
tinguish between + and — forms in this division. 
It is assumed that the student is already famOiar 
with the rules for recognizing those forms identical 
in shape and position with the holohedral ones (see 
p. 51). 

« 

Srd order pyramid: A face sloping down from the 
vertical axis so that its plane intersects all three 
horizontal crystal axes at un- ^^^n. 

equal finite distances from the p>/^ " ^^ 
ongm. f // s / Vi 

The 3rd order pyramid dif- ^ \ /_ ^vk 

fers in no way from the 1st or 4^^ / \ "jf 

2nd order pjrramid excepting j^ / \ //j 

in position with respect to the ^'^- ^^jJ^ 

horizontal crystal axes. All ^^ 

three types of 12-faced pyra- ^^?- 40. -Diagram 

.. V xu Bnowing the rdationa of 

mids may have the same ap- ^j^^ ^g^ ^^^ (dotted 

pearance; and any such pyra- lines), 2nd order (broken 

mid may be held at will as a lines), and 3rd order 

1st, 2nd, or Srd order pyra- ^^^^ ^^^ pyramids 

mid. The 3rd order pyramid ^\^^^^^ ^^^ ^^^' 

, , . 1 , 1 zontal crystal axes. 

IS skewed or twisted through 

a small angle (less than 30°) either to the right or 

left away from the position of the 1st or 2nd order 

pyramid. Fig. 40 shows how the horizontal axes are 

ciit by 1st, 2nd, and 3rd order pyramids and prisms. 

Srd order prism: A vertical face whose plane inter- 
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sects the three horizontal crystal axes at unequal 
finite distances from the origin. 

All that was said in the preceding section relative 
to the 3rd order pyramid appUes with equal truth 
to the 3rd order prism. 




m h 




A B 

Fig. 41. — Pyramidal hemihedral hexagonal crystals. 

A: Basal-pinacoid (c), 1st order prism (m), two 1st order 
pyramids (x and y), 2nd order pyramid (a), and 3rd order 
prism (h). 

B: Basal-pinacoid (c), 2nd order prism (a), and 3rd order 
pyramid (w). 

TRIGONAL HKMTHKDBAL DIVISION 
Development or Derivation of the Forms. 

Trigonal hemihedral hexagonal forms may be con- 
ceived to be developed by dividing each of the holo- 
hedral forms by means of the three secondary sym- 
metry planes containing the horizontal crystal axes 
into six parts, then suppressing all faces lying wholly 
within alternate parts thus obtained, and extending 
the remaining faces imtil they meet in edges or 
corners. 

Symmetry. 

The trigonal hemihedral division of the hexagonal 
system is characterized by the presence of one 
principal and three interchangeable secondary sym- 
metry planes which lie at right angles to the principal 
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symmetry plane. The interchangeable sjonmetry 
planes make angles of 60^ or 120^ with each other. 

Selection, Position, and Designation of the Crystal 
Axes. 

The principal symmetry axis is chosen as the 
vertical or c crystal axis; while three interchangeable 
horizontal directions, each of which bisects the angle 
between two secondary symmetry planes, constitute 
the horizontal or a axes. One of these is so held as 
to extend from right to left. 

Orienting Crystals. 

Trigonal hemihedral forms are oriented by holding 
the principal symmetry plane horizontally, and one 
secondary symmetry plane vertically and extending 
from front to back. The crystal axes will then 
extend in the proper direction. 

Trigonal Hemihedral Hexagonal Forms Tabulated. 



Name. 



zt let order trigonal pyrar) 
mid (Fig. 42) J 

=t Ist order trigonal prism ) 
(Pig. 43) j 

Ditrigonal pyramid (Fig./ 
44) f 



Ditrigonal prism (Fig. 45). 



2nd order pyramid (Fig. 27) 



2nd order prism (Fig. 28) . . . 



Basal-pinaooid (Fig. 31). 



Symbol. 


Num- 
ber of 
faces. 


a: aiaoa : mc 


6 

3 

12 

6 

12 
6 

2 


■^ 2 
a: a :ooa:ooe 


■^ 2 
na : a : pa : mc 


2 
fia: a: paicoc 


2 
2 a : a : 2 a : mc 


2 
2a: a: 2o : ooc 


2 

ooaicoa : ooa : c 


2 



Form from which 
derived. 



1st order pyramid 
1st order prism 
dihezagonal pyramid 
dihexagonal ptism. 

2nd order pyramid 
2nd order prism 
basal-pinaooid 
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Fio. 42. — Positive (on left) and negative (on right) let 
order trigonal pyramids containing the forms from which 
they are derived. The suppreesed faces are shaded. 



Fia, 43. — Positive (on left) and n^ative (on r^^t) let 
order trigonal prisnis cont^ning the forma from which they 
are derived. The HUppressed faces are shaded. 



Fia. 44. — Ditrigonal pyra- 
mid containing the form from 
which it is derived. The sup- 
pressed faces are shaded. 



Fia. 45. — Ditrigonal prism 

containing the form from 
which it is derived. The sup- 
pressed faces are shaded. 
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SynonyniB for the Names of the Trigonal Hemihedral 
Hexagonal Forms. 

1st order trigonal pyramid— trigonal bipyramid 

of the 1st order. 
Ditrigonal pyramid— ditrigonal bipyramid. 

Positive and Negative Forms Distinguished. 

AU those forms produced by the suppression of 
faces lying within the same set of alternating dode- 
cants are said to be of the same sign (+ or — ). It 
is possible, but imnecessary, to distinguish between 
+ and - ditrigonal pyramids and prisms. It is 
customary to consider a trigonal prism or pjrramid 
with a face or faces extending from right to left 
between the vertical axis and the observer as +, 
while one with such a face or faces back of the 
vertical axis is — . In reality, a + trigonal pyramid 
differs in no way from a — trigonal pyramid except- 
ing in position; and a trigonal pyramid may be held 
in either the + or — position at will. The same 
statements hold as regards the trigonal prism. 
Convention requires that the largest and most 
prominent trigonal pyramid or prism should be held 
in such a way as to bring it into the + ptosition. 

All the other statements regarding + and — forms 
made in the discussion of the rhombohedral hemi- 
hedral division (see p. 57) apply with equal truth 
to the division under consideration. 

Method of Determining Trigonal Hemihedral Hexag- 
onal Forms by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described the 2nd order pyramid and prism 
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and the basal-pinacoid may be identified easily by 
applying the rules already given for the determina- 
tion of holohedral forms of the same name. 

The four hemihedral forms differing in shape from 
the holohedral ones from which they were derived 
may be recognized by determining the symbol of any 
face in the manner described in the discussion of 
holohedral forms, dividing this symbol by 2, and 
then ascertaining from the table the name of the 
form possessing this symbol. 

Suggestiona for Attaining Facility in the Recognition 
of Forms. 

Orient the crystal and determine which of the 
foUowing descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. It is assumed that the student is already 
famihar with the rules for recognizing those forms 
identical in shape with the holohedral ones (see 
p. 51). 

+ Ut order trigonal jyyramid: A face sloping down 
from the vertical axis directly toward the observer. 
This face occupies exactly the same position as that 
of a + rhombohedron. However, a 1st order trig- 
onal pyramid differs from a rhombohedron in that 
the three faces at one end of the vertical axis inter- 
sect those at the other end in edges which are 
horizontal. 

— 1st order trigonal pyramid: A face sloping down 
from the vertical axis directly away from the ob- 
server at the back of the crystal. This face occupies 
'v the same position as that of a — rhombo- 
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+ Ist order trigonal prism: A vertical face extend- 
ing directly from right to left between the vertical 
axis and the observer. 

— 1st order trigonal prism: A vertical face extend- 
ing directly from right to left at the back of the 
crystal. 

Ditrigonal pyramid: A face 
sloping down from the vertical 
axis in such a way that its 
plane intersects the three hori- 
zontal crystal axes at unequal 
finite distances from the origin. ^^ 45 _ Dia am 
The six faces at each end of the g^o^g the relatS 
vertical axis occupy exactly the the faces of the trig- 
same positions as the six faces onal hemihedral di- 
making up half of a scalenohe- trigonal pyramid and 

dron, but may be distinguished Prism tothehorizont^ 
' *^ crystal axes. (Uom- 

f rom scalenohedron faces by the p^^^ ^^jj pjg 54 ) 

fact that the faces at opposite 

ends of the vertical axis intersect in edges that are 

horizontal. 

Ditrigonal prism: A vertical face whose plane 

intersects all three horizontal crystal axes at imequal 

finite distances from the origin. 

Hemimorphism. 

A hemimorphic crystal, as already stated (p. 17), 
is one in which the law of axes (see p. 16) is violated 
so far as one crystal axis is concerned. In other 
words, on a hemimorphic crystal the Opposite ends 
of one crystal axis are not cut by the same number 
of similarly placed faces. For instance, there may 
be one or more p3n'amids on one end of a crystal axis. 
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and only a basal pinacoid on the other; or the forms 
at both ends of an axis may have the same names, 
but different slopes. 

Theoretically, hemimorphic forms may occur in 
all divisions of the hexagonal system, but they are 
relatively unimportant on any kind of crsrstals 
already discussed excepting trigonal hemihedral 
hexagonal ones. 

Naming Hemimorphic Forms. 

It is customary to hold the axis whose ends are 
treated differently vertically. After properly orient- 
ing the crystal the forms on the upper end of the 
crystal are given first, then the cr3rstal is turned up- 
side down, and those on the other end are named. 
Forms conmion to both ends, like prisms and pina- 
coids (other than the basal pinacoid), are mentioned 
but once. 

In writing out the names of the forms on a hemi- 
morphic crystal it is customary to separate the names 
of the forms on the differing ends of the crystal by 
means of a horizontal line. 

Importance of Hemimorphism in the Trigonal Hemi- 
hedral Hexagonal Division. 

With one possible exception, all natural minerals 
cr3rstallizing in this division of the hexagonal system 
are hemimorphic, that is, the opposite ends of their 
vertical axes are not intersected by the same number 
of similar faces similarly placed. This eliminates 
the principal symmetry plane, and gives the trigonal 
and ditrigonal pyramids the appearance of rhom- 
bohedrons and scalenohedrons. That the crystals 
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resulting are not rhombohedral is, however, usually 
shown plainly by the presence of a prominent trig- 
onal prism, a form which does not occur in the 
rhombohedral hemihedral division. This gives trig- 





Fig. 47. 



- Typical horizontal sections of the trigonal 
hemihedral mineral tourmaline. 



onal hemihedral crystals cross-sections which are 
either triangular or (more commonly) spherical- 
triangular. Pig. 47 shows two typical cross-sections 
of the mineral tourmaUne which is the commonest 
species crystallizing in this division of the system. 




TO, 




A B 

FiQ. 48. — Trigonal hemihedral hexagonal crystals 

(hemimorphic). 

A: -f- and —1st order trigonal pyramids (r and o), —1st 
order trigonal prism (mO, and 2nd order prism (a). On other 
end: + and — Ist order trigonal pyramids (r and e), 

B: + and —1st order trigonal pyramids (r and o), + and 
— 1st order trigonal prisms (m and mi), ditrigonal pyramid 
{u), ditrigonal prism (A), and 2nd order prism (a). On other 
end: + and —1st order trigonal pyramids (r and o). 
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TRAPEZOHEDRAL HEMIHEDRAL DIVISION 

Trapezohedral hemihedral forms may be conceived to be 
developed by dividing each holohedral form by the principal 
and all the secondary symmetry 
planes into ^ parts, then suppress- 
ing aU faces lying whoUy within 
alternate parts thus obtained, and 
extending all the remaining faces 
until they meet in edges or comers. 

As the dihexagonal pyramid is 
the only hexagonal form with 24 
faces, it is evident that a dihexa- 
gonal pyramid face is the only one Yiq. 49. — Hexagonal 
that can he wholly within one of trapezohedron contain- 
the parts obtained by dividing a ing the form from which 
hexagonal crystal in the manner it is derived. The sup- 
just specified. The dihexagonal pressed faces are shad«i. 
pyramid is, then, the only hexa- 
gonal form from which a trapezohedral hemihedral form differ- 
ing from the holohedral one in shape and name can be derived. 
This new form is called the hexagonal trapezohedron (Fig. 49). 
This form may be either right or left-handed, but, since no 
mineral is known to crystallize in this division, its further 
discussion seems unnecessary. 

TRAPEZOHEDRAL TETARTOHEDRAL DIVISION 

Development or Derivation of the ForniB. 

Trapezohedral tetartohedral hexagonal forms may 
be conceived to be developed by the simultaneous 
application of the rhombohedral and trapezohedral 
hemihedrisms. In other words, a holohedral form 
is first divided into dodecants by means of the 
principal symmetry plane and the three secondary 
symmetry planes containing the crystal axes, as in 
the development of rhombohedral hemihedral forms; 
and faces or portions of faces lying within alter- 
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nating dodecants are marked tentatively as sub- 
ject to suppression. The holohedral form is then 
divided by means of the principal and all of the 
secondary symmetry planes into twenty-four parts, 
as in the development of trapezohedral hemihedral 
forms; and faces or portions of faces lying within 
alternating parts thus obtained are marked tenta- 
tively as subject to suppression. If, after this has 
been done, it is found that any crjrstal face has been 
marked in such a way as to indicate that all portions 
of it are tentatively subject to suppression, that 




Upper six faces as 
viewed from above. 



Lower six faces as 
viewed from below. 



Fio. 50. — Diagram to illustrate the development of the 2nd 
order trigonal pyramid from the 2nd order pyramid as ex- 
plained in the text. 

crystal face is suppressed; but, if all or any portion 
of a crystal face remains unmarked as subject to 
suppression, that face is extended imtil it meets 
other similar faces in edges or corners. 

As an illustration of the process just outlined, 
consider a 2nd order pyramid (see Fig. 50). If this 
form is divided by means of the principal symmetry 
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plane and the secondary symmetry planes cont^n- 
ing the crystal axes, and faces or parts of faces lying 
within alternating dodecants thus obtained are 
marked tentatively as subject to suppression, parts 
of faces 1 and 2, 5 and 6, and 9 and 10 on top of 
the crystal; and 3 and 4, 7 and S, apd 11 and 12 on 
the other end should be so marked, as indicated 
by the vertically hatched portions on Fig. 50. If, 
then, the form be divided 
by means of the principal 
symmetry plane and all 
ax secondary symmetry 
planee into twenty-four 
parts, and faces or parts 
of faces lying within alter- 
nating parts thus obtained pm 51. _2nd orfer trig- 
be marked tentatively as omd pyramid conttuning the 
subject to suppression, form from which it is de- 
the parte of the faces so nvftl^ Suppreased faces are 
marked will be those num- 
bered 1, 3, 5, 7, 9, and 11 on top of the crystal, and 2, 
4, 6, 8, 10, and 12 on the bottom, as indicated by the 
horizontally hatched portions in Fig. SO. This leaves 
the half-faces 4, 8, and 12, on top, and the half-faces 
1 , 5, and 9, on the other end of the crystal unhatched, 
while all the remaining faces are completely hatched. 
If, then, we extend the faces partifdiy unhatched until 
they meet in edges or comers as illustrated by Fig. 
51, we shall obtain the trapezohedral tetartohedral 
derivative of the second order pyramid, namely, the 
2nd order trigonal pyramid. By applying this 
method to the other holohedral forms, their trapezo- 
hedral tetartohedral derivatives may be ascertained. 



TRAPEZOHEDRAL TETARTOHEDRAL 75 

Syznmotry. 

Trapezohedral tetartohedral forms possess no 
symmetry planes whatever, but show a three-fold 
or six-fold arrangement of faces. 

Selection, PoBition, and Designation of the Crystal 
Axes. 

The four dkections used as crystal axes in the 
holohedral division are still utilized for the same 
purpose in the trapezohedral tetartohedral division. 
In other words, one vertical or c axis and three inter- 
changeable horizontal or a axes intersecting at angles 
of 60® or 120® are utilized. One of the latter is held 
from right to left. 

Orienting Crystals. 

The absence of all sjrmmetry planes, and the 
presence of two sets of prominent interchangeable 
crystallographic directions which may be so placed 
as to occupy the position of the horizontal crystal 
axes makes it impossible to give any rules for orient- 
ing trapezohedral tetartohedral crystals based en- 
tu-ely on symmetry planes or crystaUographic 
directions. 

Since quartz is the only mineral which occurs at all 
commonly in recognizable trapezohedral tetartohe- 
dral crystals, it seems best to suggest rules for orienta- 
tion applicable especially to that mineral. These 
are as follows: 

On most crystals one crjrstallographic direction 
emerging on the surface of the crystal at a corner 
formed by the intersection of three or six faces 
making equal angles with each other is usually very 
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prominent. This is selected as the vertical or c 
axis, and is not interchangeable with any other 
crystallographic direction. The crystal is then 
rotated around the vertical axis until prominent 
prism faces occupy the 1st order position; or, if a 
prominent prism is lacking, prominent pyramidal 
faces are placed in the 1st order position. The three 
interchangeable horizontal crystal axes will then 
extend in the proper directions. 



Trapesohedral Tetartohedral Hexagonal Forms Tabu- 
lated. 



Name. 



d:Rhombohedron (Fig. 34) . 

±2iid order trigonal pyra-( 
mid (Fig. 61) \ 

±2nd order trigonal prism/ 
(Fig. 62) i 

Trigonal trapesohedron ) 
(Fig. 53) J 

Ditrigonal prism (Fig. 54) . . . 

Ist order prism (Fig. 26) 

Basal-pinacoid (Fig. 31) 



Symbol. 



a : a : 00 a : mc 



2 a : a : 2 a : me 



2a:a : 2a: ooc 



na: a: pa: mc 



na : a: pa: coc 



a: a:<x>a: ooc 



oo a : 00 a : 00 a : c 



Num- 
ber of 
faces. 



6 



6 



6 



6 



6 



Form from which 
derived. 



Ist order pyramid 



2nd order pyramid 



2nd order prism 



di hexagonal pyramid 



dihexagonal prism 



1st order prism 



basal-pinaooid 



Synonjma for the Names of the Trapesohedral Te- 
tartohedral Hexagonal Forms. 

2nd order trigonal pyramid — trigonal bipyramid 
of the 2nd order. 

2nd order trigonal prism — unsymmetrical trig- 
onal prism. 
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Trigonal trapezohedron — quadrilateral trapezo- 
hedron. 

PositlTe and M«gatlT« roroia Pigtinguiihed. 

It is possible to distinguish between + and — 
variations of each of the trapezohedral tetartohedral 
forms which differ in shape from the holohedral ones 




Via. 62. — Diagrams Bhowing relations of the porative (on 
left) &nd negative (on right) 2nd order trigonal pyramid and 
prism to the horiaontal crystal axes. 




Fio. fi3. — Tr^onal trape- Fio. 54. — Diagram ahow- 

zohedron containing the form ing the relation of the tetarto- 

from which it is derived. The hedral ditrigonal priam to the 

euppreeeed faces are shaded. horinotital crystal axes. 



from which they are derived. It is, however, 
lumecessary to differentiate between + and — trig- 
onal trapezohedrons and ditrigonal prisms. 

+ and -- rhombohedrons are distinguished in 
exactly the same way as are + and — rhombohe- 
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drons in the rhombohedral hemihedral division (see 
p. 56). 

It is customary to call those trigonal prisms and 
pyramids + which have a face or faces extending 
directly from front to back at the right of the vertical 
axes; while those with a similar face or faces at the 
left of the vertical axis are called — . See Fig. 52. 

Symbols of Tetartohedral FormB. 

The symbol of a tetartohedral form in any system 
is the same as that of the holohedral form from which 
it is derived excepting that it is written as a fraction 
with the figure 4 as the denominator. This does 
not mean that, in the case of the tetartohedral forms, 
the axes are intersected at one-fomiih the holohedral 
axial lengths, but is merely a conventional method 
of indicating that the symbol is that of a quarter 

(tetartohedral) form. The symbol — - — ' ' — 
is read na, a, pa, mc over 4. 

Method of Determining TrapeBohedral Tetartohedral 
Hexagonal Forms by the Use of Symbols. 

After properly orienting the crystal the 1st order 
prism and basal-pinacoid may be identified easily by 
applying the rules already given for the determina- 
tion of holohedral forms of the same name. The 
tetartohedral forms new in shape may be recognized 
by determining the symbol of a^ face in the n^er 
described in the diCussion of holohedral forms, 
dividing this sjrmbol by 4, and then ascertaining 
from the table the name of the form possessing this 
symbol. 
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SuggestioDB for Attaining Facility in the Recognition 
of Forms. 

Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. It is assiuned that the student is already 
familiar with the rules for recognizing those forms 
identical in shape with the holohedral ones (see 
p. 51). 

± Rhombohedron: Since the trapezohedral tetar- 
tohedral rhombohedrons differ in no way excepting 
in internal molecular arrangement from the rhombo- 
hedral hemihedral forms of the same name, rules for 
the recognition of the + and — rhombohedrons given 
in the description of rhombohedral hemihedral forms 
(see p. 57) may be used in identifying such forms 
in this division. 

+ Snd order trigonal pyramid: A face which 
slopes down from the vertical axis directly to the 
right. 

The 2nd order trigonal pjrramid does not differ in 
appearance from the 1st order trigonal pyramid 
occurring in the trigonal hemihedral division, but 
does differ from the latter in its position with refer- 
ence to the horizontal crystal axes. 

— ^nd order trigonal pyramid: A face which slopes 
down from the vertical axis directly to the left. 

+ ^nd order trigonal prism: A vertical face extend- 
ing from front to back at the right of the vertical 
axis. 

The 2nd order trigonal prism does not differ in 
appearance from the 1st order trigonal prism occur- 
ring in the trigonal hemihedral division, but does 
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differ from the latter in its position with reference to 
the horizontal crystal axes. 

— ^nd order trigonal prism: A vertical face extend- 
ing from front to back at the left of the vertical axis. 

Trigonal trapezohedron: A face sloping down from 
the vertical axis in such a way that its plane inter- 
sects all three horizontal crystal axes at imequal 
finite distances from the origin. 

It is possible, but not necessary, to distinguish 
between right- and left-handed trigonal trapezo- 
hedrons. 

The trigonal trapezohedron, Uke the 1st and 2nd 
order trigonal pyramids and the rhombohedron, 
has three faces at each end of the vertical axis, but 
the faces on top do not intersect those below in 
horizontal edges, as is the case with the trigonal 
pyramid; nor is a faqe on top directly above an edge 
below, as is the case with the rhombohedron. The 
three faces on one end appear, in fact, to have been 
twisted around the vertical axis through a small 
angle (less than 30**) to the right or left, placing them 
in an imsymmetrical position with reference to those 
at the other end of the crystal. 

The trigonal trapezohedron is most apt to be 
confused with a 2nd order trigonal pyramid. These 
may usually be distinguished easily if the following 
tests are appUed: 

If a vertical plane is passed through an edge be- 
tween two equally steep 1st order faces, it will bisect 
the angle between two diverging edges of a 2nd order ^i 
trigonal pyramid face directly above or below the 
edge first mentioned. Equally steep 1st order faces 
in this division of the system are those of the 1st 
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order prism, and, in the case of quartz, those between 
the most prominent + and — rhombohedrons. 

The statement just made will not be found true 
where trigonal trapezohedrons he over or under the 
edges formed by the intersection of equally steep 1st 
order faces. 

DUrigondl prism: The tetartohedral ditrigonal 
prism closely resembles the trigonal hemihedral form 
of the same name (see p. 66), but differs therefrom 
in that it appears to have a symmetry plane running 
from right to left (see Fig. 54), while the hemihedral 
form has a symmetry plane extending from front to 
back (see Fig. 46). 

General ObservatioiiB. 

It has already been mentioned that quartz is the 
only common mineral crystaUizing in this division 
of the hexagonal system, and it should be noted that 
the crystallization of quartz is peculiar in that the 
most prominent faces are a 1st order prism (some- 
times missing) and an equally or unequally devel- 
oped + and — rhombohedron the faces of which 
make equal angles with the prism faces. In the 
absence of other forms, the combination last men- 
tioned appears to be rhombohedral hemihedral, 
while the first combination appears to be holohedral. 
The presence of either a trigonal trapezohedron or 
trigonal pyramid is sufficient to prove the crystal 
tetartohedral, but these forms are very rare. The 
trigonal and ditrigonal prisms and basal-pinacoid 
are almost never found on quartz crystals. 
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A B 

Fig. 55. — Trapezohedral ietartohedral hexagonal crystals. 

A: + and — rhombohedrons (r and z), Ist order prism 
(m), — 2nd order trigonal pyramid (a), and trigonal trapezo- 
hedron (x). 

B: + and — rhombohedron (r and z) equally developed, 
Ist order prism (m), and — 2nd order trigonal pyramid («). 

Application of the Law Qo?oming Combination of 
FonnB. 

It has already been mentioned that one of the 
commonest mistakes made in determining crystal 
forms is the naming of two or more forms which 
cannot possibly occur on the same crystal since their 
presence would be in direct violation of the law 
governing the combination of forms (see p. 36). 
The student should thoroughly familiarize himself 
with the table on p. 83 if he wishes to avoid the 
mistake mentioned. 

Inspection of this table will show that the 
basal-pinacoid is the only form that occurs im- 
changed in all five of the divisions tabulated. It is, 
then, the only form that can be combined with any 
other of the forms in the divisions considered. 
Further, it should be noticed that the 1st order 
prism occurs unchanged in all divisions but the 
trigonal hemihedral, while the 2nd order pyramid 
and prism occur unchanged in all divisions but the 
trapezohedral tetartohedral. The fonns in the 3rd 
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order position are apt to give the most trouble, 
since the dihexagonal pyramid yields a form of new 
name and shape in each of the hemihedral and 
tetartohedral . divisions; while the dihexagonal 
prism yields a form of new name and shape in all 
divisions but the rhombohedral hemihedral. 



BHOMBOHEDRAL TETARTOHEDRAL DIVISION 

Rhombohedral tetartohedral forms may be conceived to 
be developed by the simultaiieous application of the rhom- 
bohedral and pyramidal hemihednsms, according to the prin- 
ciples outlined in the discussion of the trapezohedral tetar- 
tohedral hexagonal division (see p. 72). The names of the 
resi2lting rhombohedral tetartohedral forms together with 
their symbols, number of faces, and the name of the corre- 
sponding holohednd forms are shown on the following table: 



Name. 



let order rhombohedron. . 
2nd order rhombohedron. 
3rd order rhombohedron . . 
3rd order priam 

Ist order prism 

2nd order prism 

Baaal-pinaooid 



Symbol. 



a: a 


: ooa: 


mc 


2a: 


4 
a:2a 


: mc 


na : 


4 

a: pa 


: mc 


na: 


4 

a: pa 


aoe 


a:a 


4 
:eoa : 


ooc 


2a: 


4 

a:2a 


:ooc 


ooa 


4 
:ooo: 


Qoa:c 



Num- 
ber of 
faces. 



6 



6 



6 



6 



6 



2 



Form from which 
derived. 



Ist order pyramid 



2nd order pyramid 



dihexagonal pyramid 



dihexagonal primn 



1st ordw prism 



2nd order loism 



basal-pinaooid 



The rhombohedral tetartohedral 3rd order prism is exactly 
like the form of the same name in the pyramidal hemihedral 
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division (see p. 63). The 1st order rhombohedron is exactly 
like the rhombohedron occurring in the rhombohedral hemi- 
hedral and the trapezohedral tetartohedral divisions; while 
the 2nd and 3rd order rhombohedrons differ from the 1st 
order form of the same name only in position with reference 
to the crystal axes. The former is, of course, in the 2nd 
order position, while the latter is in the 3rd order position. 

Further consideration of this division seems unnecessary 
since few minerals are rhombohedral tetartohedral, and these 
are comparatively rare. 



Table of Hexagonal Symbols Used by Various Authori- 
ties. 



Iflt order pyramid 

1st order prism 

2nd order pyramid 

2nd order prism 

Dihex^onal pyramid 

Dihexagonal prism 

Basal-pinaooid 



a: a:ooa: mc 
a: a:ooa:ooc 
2a: a: 2a: mc 
2a: a: 2a:ooc 
fia: a: paimc 
fia: a: pa:ao<; 
ooa:ooa:ooa: c 



Nau- 
mann. 


Dana. 


mP 


m 


OOP 


I 


mP2 


TO-2 


ooP2 


f-2 


mPn 


m-^ 


00 Pn 


«-n 


OP 


O 



MUler. 



(JbOikt) 

(lOTO) 

(AA2A2t) 

(1020) 

(AJbZO 

(AJblO) 

(0001) 



Weiss, Naumann, and Dana divide the holohedral sym- 
bols by 2 and by 4 when referring to hemihedral and tetarto- 
hedral forms, respectively. Miller prefixes various Greek 
letters when forming the symbols of hemihedral and tetarto- 
hedral forms. 



CHAPTER IV 



TETBAGONAIi SYSTEM 

HOLOHEDRAL DIVISION 

Symznotry. 

The holohedral division of the tetragonal system 
is characterized by the presence of one principal and 
four secondary symmetry planes which lie at right 
angles to the principal synmietry plane. The 
secondary synunetry planes are arranged in two 
pairs. The planes of each 
pair intersect each other at 
an angle of 90*^ and are 
interchangeable; while the 
planes of one pair are non- 
interchangeable with those 
of the other pair which they 
intersect at an angle of 45°. 

Selection, Position, and Des- 
ignation of the Crsrstal 
Axes. 

The principal symmetry 
axis is chosen as one of the 
crystal axes, is held verti- 
cally, and is called the c 
axis. Two other crystal ^^- ^^- — ^^^tal axes of 
axes are so selected as to *^" ^^^^f^ousl system, 
coincide with one set of interchangeable secondary 

symmetry axes. One is held horizontally from front 
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to back, the other horizontally from right to left, 
and both are called a axes, since they are interchange- 
able. Three crystal axes intersecting at right angles 
are, then, used in the tetragonal system, as in the 
isometric, and they are held in the same positions as 
in the isometric system. The two horizontal axes 
are interchangeable, but, imlike the conditions in the 
isometric system, neither is interchangeable with the 
vertical axis (see Fig. 56). 

Orienting Crystals. 

Holohedral tetragonal forms are oriented by hold- 
ing the principal synmietry plane horizontally, and 
either set of interchangeable secondary symmetry 
planes vertically from front to back and from right 
to left. The crystal axes will then extend in the 
proper directions. 

First Order Position Defined. 

Forms with faces or faces extended that cut the 
two horizontal crystal axes equally (at equal finite 
distances from the origin) are said to be in the first 
order position. 

Second Order Position Defined. 

Forms with faces or faces extended parallel to one 
(and only one) horizontal axis are said to be in the 
second order position. 

Third Order Position Defined. 

Forms with faces or faces extended that cut the 
two horizontal axes unequally at finite distances are 
said to be in the third order position. 
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Holohedral Tetragonal Forms Tabulated. 



Name. 


Symbol. 


Number of 
faoes. 


let order pyramid (Fis. 67) 


aiaitne 
a: a: ooe 
a: ooa:mc 
a:aoa:Qoc 
a: na: me 
a: na:ooe 
aoa:coa:e 


8 


1st order prism (Fiz. 68) 


4 


2nd order pyramid (FuL. 69) 


8 




4 


DitAtfuronal nvramid (Piff. 6t) 


16 


Ditetrasonal prism (Fig. 82) 


8 


Baml-pinaooid (Fi£. 63) 


2 








r«ctts^ 



-*'--. 



Pig. 67. — 1st order pyramid. Fig. 68. — 1st order prism. 




(«!!t::r:::5!>i 



ii^f>^mmnnnnjipf^ 



Pig. 59. — 2nd order pyramid. Fig. 60. — 2nd order prism. 
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fisxn>» 



Fig. 62. — Ditetragonal 
prism. 



Fig. 61. — Ditetragonal 
pyramid. 

SynonyniB for the Names 
of the Holohedrai Tet- 
ragonal Forms. 

1st order pyramid — 

direct pyramid, 1st 

order bipyramid, or 

miit pyramid. 
1st order prism — direct 

prism or imit prism. 
2nd order pjrramid — 

indirect pyramid or 

diametral pyramid. 
2nd order prism — indirect prism or diametral 

prism. 
Ditetragonal pyramid — ditetragonal bipyramid 

or zirconoid. 
Ditetragonal prism — none. 
Basal-pinacoid — basal-plane. 

Method of Determining Holohedrai Tetragonal Forms 
by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described select any face in the upper right 



I 
'I 



L.' 

3*r — — 



I 
I 

I 

Fig. 63. — Basal pinacoid. 
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octant facing the observer, and ascertain the relative 
distances at which its plane intersects the three 
crystal axes, remembering that no face or face 
extended can cut the vertical axis at the same 
distance from the origin as it cuts either horizontal 
axis. If, for instance, it appears that the plane of 
the face selected intersects the three axes, but that 
the two horizontal axes are not cut at the same 
distance from the origin, the symbol of that face 
(and of the form of which it is a part) is a : na : mc. 
By referring to the table of holohedral tetragonal 
forms (which should be memorized as soon as possi- 
ble) it is seen that the form is the ditetragonal 
pyramid. If more than one form is represented on 
the crystal, each may be determined in the same way. 

SugflrestioDB for Attaining Facility in the Recognition 
of Forms. 

The holohedral tetragonal forms are so easily 
identified after they have been properly oriented 
that it seems almost unnecessary to offer rules 
aiming toward their rapid recognition. 

The following statements may, however, prove 
useful to the beginner. 

Ist order pyramid: A single face lying wholly 
within an octant. 

1st order prism: A vertical face cutting both hori- 
zontal axes equally. 

8nd order pyramid: A face sloping down from the 
vertical axis directly towards the observer. 

The 2nd order pyramid differs in no way from 
the 1st order pyramid excepting in position with 
respect to the horizontal crystal axes; and an 8- 



HOLOHEDRAL DIVISION 91 

faced pyramid may be placed in either the 1st or 2nd 
order position at will. Such a pyramid may, then, 
be considered either a 1st or 2nd order pyramid 
depending upon the set of interchangeable synmietry 
axes with which the crystal axes are chosen to coin- 
cide. It is only when forms in both the 1st and 2nd 
order positions are present on a crystal that it is 
necessary to distinguish between 1st and 2nd order 
pyramids. 

Znd order prism: A vertical face extending from 
right to left or front to back. 

As is the case with the 2nd order pjrramid, a 2nd 
order prism differs in no way from a 1st order prism 
exceptmg in position with respect to the horizontal 
crystal axes; and all that was said in the preceding 
section relative to the 2nd order pyramid appUes 
with equal truth to the 2nd order prism. 

It is customary to select the horizontal crystal 
axes in such a way as will place the largest and most 
prominent 8-faced pyramid or 4-faced prism in the 
1st order position. 

Pyramids and prisms intersecting in horizontal 
edges are always of the same order. 

Ditetragonal pyramid: Two identical faces lying 
wholly within an octant. 

Ditetragonal prism: A vertical face cutting the two 
horizontal axes imequally. 

Ba^al-pinacoid: A horizontal face on top of the 
crystal. 

Fixed and Variable Forms. 

The only fixed holohedral tetragonal forms are the 
first and second order prism and the basal-pinacoid. 
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of llM 

The <Mily fixed ai^^ in this 
between the fixed fonns just mentiooedy namely, 
W and 45^ (or 135^. 



The general statements made in the discussion of 
the holohedral division of the ismnetric sjrstem 
reganling combination of fonns, detennination of 
the number of forms, repetition of fonns on a 
crystal, and limiting fonns applies with equal truth 
to all the divisions of the tetragonal system. It may 
be mentioned, however, that repetitions of the same 
variable form are very conmion in the tetragonal 
83rBtem, and crystal models showing such repeated 
forms are not difficult to obtain. 





FiQ. 64. — Holohedral tetragonal crsrstals. 

A: Basal-pinacoid (c), let order pyramid (r), 1st order 
prism (m), 2nd order prism (a), and ditetragonal prism (h), 

B: Basal-pinacoid (c), two Ist order pyramids (p and 0> 
Ist order prism (m), 2nd order prism (a), ditetragonal pyramid 
(i), and ditetragonal prism (h). 
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SPHENOIDAL HEMXHEDRAL DIVISION 

Development or Derivation of the Forms. 

Sphenoidal hemihedral forms may be conceived to 
be developed by dividing each of the holohedral 
forms by means of the principal symmetry plane 
and the set of secondary symmetry planes containing 
the crystal axes into eight parts, or octants, then 
suppressing all faces lying wholly within alternate 
parts thus obtained, and extending the remaining 
faces imtil they meet in edges or corners. 

Ssrmnietiy. 

Sphenoidal hemihedral forms possess only two 
interchangeable secondary S3rmmetry planes at right 
angles to each other. 

Selection, Position, and Designation of the Crsrstal 
Axes. 

The three directions used as crystal axes in the 
holohedral division are still utilized for the same 
purpose in the sphenoidal hemihedral division. In 
other words, the vertical or c axis Ues at the inter- 
section of the two secondary symmetry planes; 
while the two interchangeable horizontal or a axes, 
one of which extends from front to back, and the 
other from right to left, make an angle of 90° with 
each other, and bisect the angles between the two 
secondary symmetry planes. 

Orienting Crystals. 

Sphenoidal hemihedral crystals are oriented in 
exactly the same way as are tetrahedral hemihedral 
isometric ones (see p. 30). 
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Sphenoidal Hemihodrftl Tetracronal Fomui Tabulated. 



Name. 


Symbol. 


Num- 
ber of 

fllWWi 


Form from which 
derived. 


±TetragoQal sphenoid (Fig./ 
65) J 

d:Tetn«oiial aoaleiiohedron} 

(Fig. 86) ; J 

Ist order priam (Fig. 68) 

2nd order psrramid (Fig. 50) . . 

2nd order prinn (Fig. 60) 

Ditetragonal prism (Fig. 62). . 

* 

Basal-pinaooid (Fig. 63) 


a: aitne 
ttinaimc 


4 
8 

4 
8 
4 
8 
2 


1st order psrramid 
ditetragonal psmunid 

Ist order prism 
2nd order psrramid 
2nd order priam 
ditetragonal prism 
basal-pinaooid 


a:a:oDc 


2 
a : 00 a : mc 


2 

aicoazooe 


2 

a: naiaoc 


2 

aoa:aoa: e 


2 





Fig. 65. — Poeitive (on left) and negative (on right) tet- 
ragonal sphenoids containing the f onns from which they are 
derived. The suppressed faces are shaded. 



SynonyniB for the Names of the Sphenoidal Hemi- 
hedral Tetragonal Forms. 

Tetragonal sphenoid — hemi-unit pyramid. 
Tetragonal scalenohedron — none. 
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PoBitiT0 and HvKktlTe romu in tho 8ph«noidal Heml- 
Iwdral Tetn«on»l DiTision. 

+ and — forms are recognized in this diyision, 
and are distinguished in exactly the same way as are 
the -|- and — forma in the tetrahedral hemihedral 



Fio. 66. — Poaitive (on left) and negative (on right) tet- 
ragonal acalenohedrona containing the forma from which they 
are derived. The suppressed faces are shaded. 

division of the isometric system (see p. 32). All 
that was said there relative to such forms will apply 
with equal truth to the + and — forms in the 
division under consideration. 

H«thodi of Determining SpheuoidAl Hemihedral 
7orms by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described all the forms but the tetragonal 
sphenoid and scalenohedron may be identified easily 
by applying the rules already given for the deter- 
mination of holohedral forms of the same name. 

The tetragonal sphenoid and scalenohedron may 
be recognized by determining the symbol of any face 
in the manner described in the discussion of holo- 
hedral forms, dividing this symbol by 2, and then 
ascertaining from the table the name of the form 
g this symbol. 
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SuggestioDS for Attaining Fadlitj in the Recognition 
of Fomui. 

Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. Call the forms + or — according to the 
rules already set forth. It is assumed that the 
student is already familiar with the rules for recog- 
nizing those forms identical in shape with the holo- 
hedral ones (see p. 90). 

Tetragonal sphenoid: A single face in an octant 
(although not necessarily wholly included therein) 
sloping down from the vertical axis in such a way as 
to cut both horizontal axes equally. 

Tetragonal scalenohedron: Two faces l3dng within 
an octant (although not necessarily wholly included 
therein) which cut all three axes imequally. 





B 
Fio. 67. — Sphenoidal hemihedral tetragonal crystals. 

A: + &i^d *- tetragonal sphenoids (p and pi) and 2nd order 
pyramid (z). 

B: Basal pinacoid (c), two 2nd order pyramids (a and z), 
1st order prism (m), + tetragonal sphenoid (j>), and tetrag- 
onal scalenohedron (s). 
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PYRAMIDAL HEMIHEDRAL DIVISION 

Development or Deriyation of the Forms. 

Pjn'amidal hemihedral forms may be conceived to 
be developed by dividing each of the holohedral 
forms by means of all four secondary symmetry 
planes into eight parts, then suppressing all faces 
lying wholly within alternate parts thus obtained, 
and extending the remaining faces until they meet 
in edges or comers. 

Symmetry. 

Pyramidal hemihedral forms possess only one 
sjmametry plane which is in the position of the 
principal symimetry plane existing in the holohedral 
division. It is, however, in the pyramidal hemi- 
hedral division a secondary rather than a principal 
symmetry plane since there are no interchangeable 
sjrmmetry planes perpendicular to it. 

Pyramidal hemihedral tetragonal forms may, 
then, be said to be characterized by the presence of 
one secondary symmetry plane and a general four- 
fold arrangement of the faces. 

Selection, Position, and Designation of the Crystal 
Axes. 

The vertical or c axis is made to coincide with the 
secondary symmetry axis. Two interchangeable hor- 
izontal axes parallel to prominent crystallographic 
directions at right angles to each other are also 
selected, one of which is so placed as to extend from 
front to back, and the other from right to left. 
Being interchangeable, both are called a axes. 
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Orlentlnff Ciritalfl. 

The secondary Bymmetry plane is held horizon- 
tally. The crystal is then rotated around the 
symmetry axis imtU the most prominent pyramid 
or prism lies in the first order position. The crystal 
axes will then- extend in the proper directions. 





N^ 


Symbol. 


B 


Fona fnim which 
ctimved. 


Eld mdgr pynunid (FiE. U) . . 
SrdOTderpriflmdU-W 

lrt«derpy™md(R«.67).,. 
Lrt,ordarpiiBDi(FIg.fiS] 

2ndaT!Br|]raBn(Kg.80).... 


a:m-:fc 




ditdtnwnudpynmid 

hrt order pyramid 
in order prigm 
2Dd ordir pynmid 
Slid order piiam 


a 


~ 


«:=oii:me 


a:»n^-c 


Xf<BfC 


! 




Fia. 68. — 3rd order pyra- Fro. 68. — 3rd order prism 

loid containing the form from cODtaining the form from 

which it ie derived. Sup- which it is derived. Sup- 

preaeed faces are shaded. pressed faces are shaded. 
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SynonyniB for the Names of the Pyramidal Hemihedral 
Tetragonal Forms. 

3rd order pyramid — square pyramid of the third 
order or third order bipyramid. 
3rd order prism — square prism of the third order. 

Method of Determining Pyramidal Hemihedral Tetrag- 
onal Forms by the Use of Symbols. 

After properly orienting the crystal in the manner 
already described all the forms but the 3rd order 
pyramid or prism may be identified easily by 
applying the rules already given for the determina- 
tion of holohedral forms of the same name. The 
3rd order pyramid or prism may be recognized by 
determining the symbol of any face in the manner 
already described in the discussion of holohedral 
isometric forms, dividing this symbol by 2, and then 
ascertaining from the table the name of the form 
possessing this symbol. 

Suggestions for Attaining Facility in the Recognition 
of Forms. 

Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. It is possible, but imnecessary, to dis- 
tinguish between positive and negative forms in this 
division. It is assmned that the student is already 
familiar with the rules for recognizing those forms 
identical in shape and position with the holohedral 
ones (see p. 90). 

Srd order pyramid: A single face lying in an octant 
(although not necessarily wholly included therein) 
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which intersects all three crystal axes at different 
finite distances from the origin. 

The 3rd order pyramid differs in no way from the 
1st or 2nd order pyramid excepting in position with 
respect to the horizontal crystal axes. All three 
t3rpes of 8-faced pyramids may have the same 
appearance; and any such pyramid may be held at 
will as a 1st, 2nd, or 3rd order pyramid. The 3rd 
order pyramid is skewed or twisted through a small 





z 
a 



m 





m 




Fig. 70. — Diagram 
showing the relations 
of the 1st order (dotted 
lines), 2nd order 
(broken lines), and 3rd 
order (solid lines) pyra- 
mids and prisms to the 
horizontal crystal axes. 



A B 

Fig. 71. — Pyramidal hemihedral 
hexagonal crystals. 

A: 1st order pyramid (r), 1st or- 
der prism (m), 2nd order prism (a), 
and 3rd order pyramid (z). 

B: Basal-pinacoid (c), 1st order 
pyramid (w), 1st order prism (w), 
and 3rd order prism (/). 



angle (less than 45°) either to the right or left away 
from the position of the 1st or 2nd order pyramid. 
Fig. 70 shows how the horizontal axes are cut by 
1st, 2nd, and 3rd order pyramids and prisms. 

Srd order prism: A single face parallel to the 
vertical axis, which intersects the two horizontal 
axes at unequal distances from the origin. 

All that was said in the preceding section relative 
to the 3rd order pyramid appUes with equal truth 
to the 3rd order prism. 
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Application of the Law Ooyemixig Combination of 
Forms. 

It has already been noted (see p. 41) that one 
of the commonest mistakes made in determining 
crystal fonns is the naming of two or more forms 
which cannot possibly ocdu* on the same crystal, 
such, for instance, as the sphenoid and 3rd order 
pjrramid. The presence on the same crystal of two 
forms like these, which are peculiar to different 
divisions of the system, is, of course, in direct vio- 
lation of the law governing the combination of 
forms (see p. 36). A student should thoroughly 
familiarize himself with the following table if he 
wishes to avoid the mistake mentioned. 



Holohedral forms. 


Corresponding sphenoi- 
dal hemihedral forms. 


Correroonding pyra- 
midal hemihe&l 
forms. 


1st order pyramid 

1st order orism 


tetragonal 8phenoid 
1st order prism 
2nd order pyramid 
2nd order prism 
tetragonal acalenohedron 
ditetragonal prism 
basal-pinaooid 


1st order pyramid 
Ist order prism 


2nd order pyramid 

2nd order prism 


2nd order pyramid 
2nd order prism 


Ditetragonal pyramid. . . . 
Ditetragonal prism 

"RftfULl-niriACoid 


Std order pfframid 
Sri order prism 
basal-pinaooid 







It will be noted from the above table that the 
1st order prism, 2nd order pyramid and prism, and 
the basal pinacoid occur in all three of the divisions 
already discussed, and may, therefore, be combined 
with any other forms in these divisions. Further, 
it will be seen that the 1st order pyramid and 
ditetragonal prism occur xmchanged in name or 
shape in two of the divisions; while the ditetragonal 
pyramid occurs only as a holohedral form. 
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T&APEZOHEDRAL 



li:i <li): 



DIVISION 



Trapezohedral hemihedral forms may be conceiYed to be 
developed by dividing each holohedral form by the principal 
and all the secondary symmetry planes into sixteen parts, 
then suppressing all faces lying wholly within alternate parts 
thus obtained, and extending the 
remaining faces until they meet in 
edges or comers. 

As the ditetragonal pyramid is 
the only tetragonal form with six- 
teen faces, it is evident that a dite- 
tragonal pyramid face is the only 
one that can lie wholly within one 
of the parts obtained by dividing a 

tetragonal^rstal ii the manner tt^^;;iro^";^;^. 
just specified. The ditetragonia j,^^ t^^ ^ ^^ j^^ ^^^ 
pyramid is, th«i, the only tetragonal j^ ^ derived. The sup- 
form from which a trap^hedral pressed faces are shaded, 
hemihedral form diftermg from the 

holohedral one in shape and in name can be derived. This 
new form is called the tetragonal trapezohedron (Fig. 72). 
Since no mineral is known to cr3rBtaIlize in this division, its 
further consideration seems unnecessary. 




Fio. 72. — Tetragonal 



Table of Holohedral Tetragonal Symbols Used by 
Various AuthoriUes. 



1st order pyramid 

1st order prism 

2nd order pyramid 

2nd order prism 

Ditetraeonal pyramid. . . . 

Ditetragonal prism 

Basal-pinaooid 



Weiss. 



aiaitnc 
: a : 00 e 
aicoa: mc 
a:aoa:ooc 
a: na: mc 
a: na:«cc 
ooa:ooa: e 



Naumann. 




mP 


m 


OOP 


I 


mPoo 


m-i 


ooPoo 


• • 

i-t 


mPfi 


m-n 


00 Pn 


t-n 


OP 


O 



MUler. 

110 
MU 
100 

m 

JUfcO 
001 



Foe methods of forming hemihedral symbols, see page 44. 



CHAPTER V 

OBTHOBHOMBIC SYSTEM 

HOLOHEDRAL DIVISION 

SyxxizxiBtry. . _^ 

The holohedral division of the orthorhombic 
system is characterized by the presence of three 
non-interchangeable secondary symmetry planes at 
right angles to each other. 

The Selection, Position, and Designation of the Crsrstal 
Axes. 

The three crystal axes utiUzed in this system are so 
chosen as to coincide with the secondary symmetry 




Fig. 73. — Crystal axes of the orthorhombic 83rstem. 

axes. One is held vertically and is called the vertical 
or c axis; another is held horizontally from right to 
lefty and is called the macro (long) or b axis; while 

103 



104 ORTHORHOMBIC SYSTEM 

the third extends horizontally from front to back, 
and is called the brachy (short) or a axis. None 
of the three crystal axes are interchangeable (see 
Rg. 73). 



CryBtaUu 

One sjrmmetry plane is held so as to extend ver- 
tically from front to back, another vertically from 
right to left, and the third horizontally. The crys- 
tal axes will then extend in the proper directions, 
and the forms can be named according to the 
directions given later. There are, however, certain 
conventions that are set forth in immediately suc- 
ceeding paragraphs, and which should be observed 
as closely as possible. In considering the statements 
that follow, it should be remembered that the rela- 
tive lengths of the axes are determined by the dis- 
tances from the origin to the points where the 
plane of a face of the groimd-form intersects each 
crystal axis. 

If a crystal is decidedly elongated, the longest 
axis becomes the c axis; while, if it is notably tabu- 
lar, the shortest axis is used as the c axis. When 
neither elongated nor tabular an axis of intermedi- 
ate length is used for the c axis. 

The c axis having been selected, the longer of the 
other two axes is held from right to left as the 
macro or b axis, and the shorter from front to back 
as the brachy or a axis. 

Since the student is unable to determine which 
form is the groimd-form, and since the groimd-form 
may not be represented on some crystals, it is per- 
missible to determine the relative lengths of the 
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axes by noting the distances from the origin at 
which prominent faces intersect two or three axes. 

Holohedral Orthorhombie Fomui Tabulated. 



Name. 



Pyramid (Kg. 74) 

Priam (Fig. 75) 

MaciD-dome (Fig. 76) 

Biachy-dome (Fig. 77). . . 

liacropinaooid (Fig. 78).. 
Braohy-pinaooid (Fig. 79) 
Baaal-pinaooid (Fig. 80) . . 



Symbol. 



naibime 

tia: h:aoc 
a : 00 6 : htc 
ooaibimc 

aicobiooc 
ooa:h:aoe 
ooa: oob: e 



Number of 
faoes. 



8 

4 

4 
4 

2 
2 
2 




Fig. 74. — Pyramid. 



■♦^VMi^m. 



i-\L.. 



Fig. 75. — Prism. 





Fig. 76. — Macro-dome. 



Fig. 77. — Brachy-dome. 
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Bamarks on the Holohodral Orthorhombie Forms. 

It will be seen by examining the table just given 
that the holohedral orthorhombie forms may be 
grouped into three divisions, one containing the 
P3rramid with eight faces cutting all three axes at 






r 
I 
I 

I 
I 




Fig. 80. — Basal-pinacoid. 



Fig. 78. — Macro-pinacoid. Fig. 79. — Brachy-piiiacoid; 

finite distances; one con- 
taining the prism and 
domes with four faces 
parallel to one axis and 
cutting the other two at 
finite distances; and one 
containing the pinacoids 
with two faces parallel to 
two axes. The forms in any one of these divisions 
may be changed into any other form in the same 
division by a different selection of crystal axes; but 
a form in no one division can be named as a form 
in any of the other divisions no matter how the 
crystal is held. The pyramid is the only holohedral 
orthorhombie form which will when unmodified 
completely bound the crystal. Since all the forms 
but the pinacoids (the fixed forms) contain one or 
more variables in their symbols, they may be re- 
peated an indefinite number of times on the same 
crystal. 
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Domes and pinacoids (excepting the basal-pina- 
'coid) are named by prefixing the name of the hori- 
zontal axis to which they are parallel. 

Synonyms for the Names of the Holohedral Ortho* 
rhombic Forms. 

Pyramid — imit-pyramid, macro-pyramid, and 

brachy-pyramid. 
Prism — miit-prism, macro-prism, and brachy- 

prism. 
Macro-dome — none. 
Brachy-dome — none. 
Macro-pinacoid — none. 
Brachy-pinacoid — none. 
Basal-pinacoid — basal-plane. 

Method of Determining Holohedral Orthorhombic 
Forms by the Use of Symbols. 

The usual method of determining forms by the 
use of symbols, as presented in the discussion of 
the systems already described, may be used success- 
fuUy in the orthorhombic system. In forming 
symbols it should be remembered that the distance 
from the origin to the point where the plane of any 
face intersects the macro or b axis is always made b 
(or 00 5 if the face is parallel to this axis); while 
the distance from the origin to the point where the 
plane of the face intersects the brachy or a axis is 
called na (or ooa) if the plane cuts the b axis at a 
finite distance from the origin, and is called a (or oo a) 
if the plane cuts the 6 axis at infinity. Similarly, 
the distance from the origin to the point where the 
plane of a face intersects the c axis is called mc 
(or ooc) if the plane cuts either the a or 6 axes at 



108 ORTHORHOMBIC SYSTEM 

finite distances; while it is called c if both the a 
and b axed are cut at infinity. 

Suggestions for Attaining Facility in the Recognition 
of Forms. 

Orient the crystal and determine which of the 
following descriptions (which should be learned at 
once) apply to the face or faces of different shape or 
size seen. 

Pyramid: A face lying entirely within an octant. 

Prism: A vertical face obUque to both horizontal 
axes. 

Macro-doms: A face sloping from the vertical 
axis directly down toward the observer. 

Brachy-doTne: A face sloping from the vertical 
axis down to the right or left. 

Macro-pinacoid: A vertical face extending from 
right to left. 

Brachy-pinacoid: A vertical face extending from 
front to back. 

Basal-^inacaid: A horizontal face on top of the 
crystal. 

Fixed and Variable Forms. 

The only fixed holohedral orthorhombic forms are 
the three pinacoids. 

Fixed Angles of the (Orthorhombic System. 

The only fixed angle in this system is that between 
the three pinacoids, namely, 90^ 

BSiscellaneous. 

The general statements made in the discussion 
of the holohedral division of the isometric system 
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regarding combinatioD of forms, determinatioD of 
the number of forms, and limiting forms apply 
with equal truth to all the divisions of the tetragonal 
system. Hemimorphism (see p. 17) is shown by 
crystals of calamine as well as by those of certain 
rare minerals. 



Fig. 81. — Holohedral orthorhombia erystab. 

A: Baeal-piimcoid (c), macro-dome (d), macro-pinacoid 
(a), brachy-dome (o), brachy-pinacoid (b), pyramid (y), aad 
two prismB (m and n). 

6 (hemimorphic) : Basal-pinacoid (c), btachy-dome (e), 
brachy^^inacoid (b), macnMlome ((), and priem (m). On 
other end: pyramid (p). 

SPHENOIDAL HEHIHEDBAL DIVISION 
Denlopmmt or D«iiTatdon of tha Forms. 

Sphenoidal hemihedral forms may be concaved to be de- 
veloped by dividing each of the holohedral formB by means of 
the three seo(mdary symmetry planes into ^ght parte, then 
suppressing all faces lying wholly within alternate parts thus 
obt^ed, and extending the remaining faces until they meet 



Symmotryi 

Sphenoidal hemihedral forms possess no symmetry planes 
whatever, but are characterized by the presence of three 
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prominent, non-interchangeable crystallographic directions at 
right angles to each other. 

Selection, Poeitlon, and Designation of the CryBtal 
Axes. 

Three prominent, non-interchangeable crystallographic 
directions at right angles to each other are selected as the 
crystal axes. These are held and named exactly as in the 
holohedral division. 

Orienting CryBtalfl. 

Usually the easiest .way to orient sphenoidal hemihedral 
crsrstals is to identify by general appearance some form whose 
holohedral and hemihedral shapes are the same, and to hold 
this form in the position it occupies in the holohedral division. 
It is often just as easy or easier to find three prominent, non- 
interchangeable crystallographic directions at right angles 
to each other, and to hold these in the positions of the crystal 
axes, in the manner already set forth in the discussion of the 
holohedral division. 

Sphenoidal Hemihedral Orthorhombie Fomui Tabu- 
lated. 



Name. 



±Qrthorhombiio sphenoid (Fig.\ 
82) ) 

Priam (Pig. 76) 

Macro-dome (Pig. 78) 

Braohy-dome (Fig. 77) 

lCaoro-piDa4»id (Fig. 78) 

Braohy-piDaooid (Fig. 79) 

Baaal-piiiaooid (Fig. 80) 



Symbol. 



naib'.me 


■^ 2 


na:h:<»e 


2 


a:oob:me 


2 


aoa:&:mc 


2 


a:Go6:ooe 


2 


ooa:h:coe 


2 


ooaicoh'.e 



Number 
of faces. 



2 



2 



2 



Form from 
whioh derived. 



pynunid 



prism 



maero-dome 



braohy-dome 



brachy-fiinaooid 



baaal-innaooid 
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Synonyms for the Names of Sphenoidal Hemihedral 
Tetragonal Forms. 

Qrthorhombic sphenoid — none. 

Positive and Negative Forms in the Sphenoidal Hemi- 
hedral Division. 

+ and — forms are recognized in this division, and are 
distinguished in exactly the same way as are the + and — 
forms in the tetrahedral hemihedral division of the isometric 
system (see p. 32). All that was said there relative to such 
forms will apply with equal truth to the + and — forms in 
the division imder consideration. 





Fig. 82. — Positive (on left) and negative (on right) ortho- 
rhombic sphenoids containing the forms from which they are 
derived. The suppressed faces are shaded. 

Method of Determining Sphenoidal Hemihedral Forms 
by the Use of Symbols. 

After properly orienting the crjrstal in the manner already 
described all the forms but the orthorhombic sphenoid may 
be identified easily by applying the rules already given for 
the determination of holohedral forms of the same name. 

The orthorhombic sphenoid may be recognized by deter- 
mining the symbol of any face in the manner described in the 
discussion of holohedral forms, dividing this symbol by two, 
and then ascertaining from the table the name of the form 
possessing this symbol. 

Suggestions for Attaining Facility in the Recognition 
of Forms. 

After properly orienting the crystal all the forms but the 
orthorhombic sphenoid may be recognized by the rules al- 
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ready given for identifying the holohedral forms (see p. 108). 
The following description of the position of an orthorhombic 
sphenoid face should be learned at once; and if faces an- 
swering to this description are present on a crystal, they 
should be called + or ~ according to the rules already 
set forth. 

Orthorhombic Sphenoid: A single face in an octant (al- 
though not necessarily wholly included therein) sloping down 
from the vertical axis so as to cut both horizontal axes 
obliquely. 



Table of Holohedral Orthorhombic Symbols Used by 
Various Authorities. 




Pyramid 

Priam 

Ma«cix>-dome 

Brachy-dome.... 
Macro-pinaooid. . 
Brachy-pinaooid 
Basal-pinaooid . . . 



naihimc 
na: biooc 
a :aob : me 
coa :h :mc 
a: cob'.ooc 
»a:b:ooc 
aoa:ao&: c 



Naumann. 


Dana. 


mmmPn 


1 or tn-n 


mP (» 00 Pn 


lorr-n 


mPSo 


mr-t 


wPoo 


mA 


ooP« 


 m 

•-• 


ooPoo 


f-I 


OP 






MUler. 



Ill or hkl 
110 or kkO 

m 

Oil 
100 
010 
001 



For methods of forming hemihedral symbols, see p. 44. 



CHAPTER VI 

MONOCIilNIC SYSTEM 

HOLOHEDRAL DIVISION 
Syxnznotry. 

The holohedral division of the monocUnic system 
is characterized by the presence of one secondary 
symmetry plane. • 

Selection, Position, and Desig- 
nation of the Crystal Axes. 

The ortho or 6 crystal axis 
is made to coincide with the 
secondary symmetry axis, 
and is held horizontally from 
right to left. The other two 
axes (which are made to pass 
through the geometric center ^^^ ^ _; ^^^^^ ^^ 
of the crystal) are selected ^,£ ^^e monoclinic system. 
lying in the synmietry plane /S is a variable angle, but 
parallel to two prominent can never be equal to a 
crystallographic directions as ^^ ^«^^ °^ ^y «y«*^- 
nearly at right angles to each other as possible. 
One is held vertically and called the vertical or c 
axis; while the other is held so as to slope or in- 
cline down toward the observer, and is called the 
clino or a axis (see Fig. 83). 

None of the crystal axes are interchangeable. 

The ortho axis makes right angles with both the 
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vertical and the clino axes, but the clino and vertical 
axes are never exactly at right angles to each other. 

Orientixig Crystabk 

The symmetry plane is held so as to extend verti- 
cally from front to back. The crystal is then rotated 
around the symmetry (ortho) axis imtil the most 
prominent crystallographic direction (which fixes the 
position of the c axis) is held vertically, and a second 
prominent crystallographic direction (which fixes the 
position of the clino axis) is held so as to slope or 
incline down toward the observer. 

Prominent crystallographic directions may be edges^ 
the intersection of the synmietry plane and faces, 
or lines connecting opposite comers or the middle 
points of opposite edges or faces. It will usually be 
foimd desirable to select the vertical and clino axes 
parallel to prominent edges, imless by so doing the 
two axes mentioned are forced to intersect in a 
decidedly acute angle. 



Holohedral Monocliziic Fonxu Tabulated. 



Name. 


Symbol. 


Number of 

ia068. 


+Pyrainid (Fiit. 84) 


—na: 6: mc 
+«« : 6 : f»c 
fia:&:Qoe 
ooo:&:mc 

aicoh'.ooc 
—na : 00 b : me 
+na:«>b:mc 

ooa:aob:c 

coa:h:»e 


4 


—Pyramid (Fig. 85) 


4 


Priam (Fig. 86) 


4 


Clino-dome (Fis. 87) 


4 


Ortho-pinaooid (Fig. 88) 


2 


+Ortho-dome (Kg. 89) 


2 


—Ortho-dome (Fig. 90) 


2 


Basal-pinaooid (Fig. 91) 


2 


Clino-pinaooid (Fig. 92) 


2 
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Fig. 84. — • Positive pyramid. Fig. 85. — Negative pyramid. 
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Fig. 86. 
Prism. 





Fig. 87. 
CUno-dome. 



Fig. 88. . 
Ortho-pinacoid. 



— ^ — 

Fig. 89. — Positive 
ortho-dome. 
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Fig. 90. — Negative 
ortho-dome. 



Fig. 91. — Basal-pinacoid. Fig. 92. — Clino-pinacoid. 




116 MONOCLINIC SYSTEM 

Bemarks on the Holohedral MonocUnic FormB. 

It will be seen by examining the table just given 
that the holohedral monoclinic forms may be 
grouped into three divisions, one containing forms 
whose faces intersect the symmetry plane obliquely, 
namely, the + and — pyramid, clino-dome, and 
prism; another containing forms whose faces are 
perpendicular to the symmetry plane, namely, the 
ortho-pinacoid, + and — ortho-dome, and basal- 
pinacoid; and a third containing a form whose faces 
are parallel to the symmetry plane, namely, the 
clino-pinacoid. The forms in any one of these 
divisions may be changed into any other form in the 
same division by a different selection of crjrstal 
axes; but a form in no one division can be named as 
a form in any of the other divisions no matter how 
the crystal is held. 

Since all the forms but the pinacoids (the fixed 
forms) contain one or more variables in their sym- 
bols, they may be repeated an indefinite nimib^ of 
times on the same crystal. No one form m this 
system will completely bound a crystal. In other 
words, at least two forms must always be repre- 
sented on a monocUnic crystal. 

Domes and pinacoids (excepting the basal-pina- 
coid) are named by prefixing the name of the hori- 
zontal axis to which they are parallel. 
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Synonyms for the Names of the Holohedral Mono- 
clinic Forms. 

Pyramid — unit-, ortho-, and clino-hemip3n*amid. 

Prism — miit-, ortho-, and clino-prism. 

Clino-dome — none. 

Ortho-pinacoid — none. ' 

Ortho-dome — none. 

Basal-pinacoid — basal-plane. 

CUno-pinacoid — none. 

Positive and Negative Forms in the Holohedral Mono- 
clinic Division. 

The + arid - forms in this system are distin- 
guished in quite a different manner from the + and 
— forms in any of the S3rstems already discussed, 
and are apt to prove quite confusing to a student 
imtil he is thoroughly f amiUar with the conceptions 
upon which their distinction is based. 

It has been decided to call those pyramids and 
ortho-domes — whose faces or faces extended inter- 
sect the clino axis in front of the origin (at +na) ; 
while those pyramids and ortho-domes whose faces 
or faces extended intersect the clino axis behind the 
origin (at —na) are called +. In other words, the 
+ forms he over the acute angle 03, Fig. 83) formed 
by the intersection of the vertical and the cUno axes, 
while the — forms he over the obtuse angle between 
these axes. 

It should be noted that the + forms have a — 
sign, while the — forms have a + sign in their 
symbols. This inconsistency is unfortunate, but the 
practice of naming these forms in the manner 
specified has become so firmly established that it 
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appears impossible to change the nomenclature. 
The following rule will be f oimd useful in distinguish- 
ing between + and — pyramids: 

A + pyramid intersects the basal-pinacoid on top 
of a crystal in edges which converge away from the 
observer. 

A — pyramid intersects a basal-pinacoid on top 
of a crystal in edges which converge toward the 
observer. 

Reason Why Faces on Top or in Front of a Crystal are 
Duplicated at the Bottom or Back. 

It is easy to understand why the clino-pinacoid 
faces are dupUeated on both sides of a crystal, since 
the presence of a symmetry plane requires such 
dupUcation. It is not so easy to understand, how- 
ever, why the faces of the other forms are dupUcated 
on the top and bottom and front and back, since no 
synmietry plane Ues between such dupUcated faces. 
The reason for this duplication is found in the law of 
axes which states that opposite ends of crystal axes 
must be cut by the same number of similar faces 
similarly placed. In order that this law shall hold 
good no matter how the vertical and clino axes are 
chosen, it is necessary that faces be duplicated in the 
manner mentioned. 

Method of Determining Holohedral Monoclinie Forms 
by the Use of Symbols. 

The method outlined in the presentation of the 
orthorhombic system (see p. 107) may be applied 
with equal faciUty to the monoclinie system, al- 
though the conception of + and — forms already 
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outlined must be borne in mind when naming pyra- 
mids and ortho-domes. 

Suggestions for Attaining Facility in the Recognition 
of Forms. 

Orient the crystal and determine which of the 
following descriptions apply to the face or faces of 
different shape or size seen. 

+ Pyramid: A face whose plane cuts all three axes 
at finite distances from the origin, and the clino axis 
behind the vertical axis. 

— Pyramid: A face whose plane cuts all three 
axes at finite distances from the origin, and the clino 
axis in front of the vertical axis. 

Clino-dome: A face sloping from the vertical axis 
down to the right or left and parallel to the clino 
axis. 

A clipo-dome may often be distinguished with ease 
from the + or - pyramid if it is remembered that 
its faces intersect a basal-pinacoid or another clino- 
dome in edges that are parallel. 

Prism: A vertical face obUque to the ortho axis. 

Ortho^nacoid: A vertical face extending from 
right to left. 

+ Ortho-dome: A face whose plane is parallel to 
the ortho axis, and cuts the cUno axis behind the 
origin. 

— Ortho-dome: A face sloping down from the 
vertical axis directly toward the observer, and cut- 
ting the clino axis in front of the origin. 

Basalrpinacoid: A face sloping down from the 
vertical axis directly toward the observer and paral- 
lel to the clino axis. 
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Clino-pinacoid: A vertical face extending from 
front to back. 

Fixed and Variable Forms. 

The only holohedral monoclinic fixed forms are 
the three pinacoids. 

Fixed Angles of the Monoclinic System. 

The only fixed angle in this system is that between 
the clino- and the ortho- or basal-pinacoid, namely, 
90°. 

Biiscellaneous. 

The general statements made in the discussion of 
the holohedral division of the isometric system 
regarding combination of forms, determination of 
the number of forms, and Umiting forms apply with 
equal truth to this system. 
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Fig. 93. — Holohedral monoclinic crjrstals. 

A: (clino axis selected parallel to the face lettered c) : basal- 
pinacoid (c), — ortho-dome (e), two + ortho-domes {I and s), 
two — pyramids {v and w), + pyramid (n), prism (m), and 
ortho-pinacoid (a). 

B: (clino axis selected parallel to the face lettered c) : basal- 
pinacoid (c), + ortho-dome (y), ortho-pinacoid (a), clino- 
dome (n), clino-pinacoid (6), + pyramid (o), and two prisms 
(m and z). 
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Hemihedral and Hemixnorphie Forms. 

Hemihedral and hemimorphic forms are too rare 
to require consideration. 



Table of Holohodral MoxuMslinie Symbols Used by Va- 
rious Authorities. 
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CHAPTER VII 
TBICLINIG SYSTEM 

HOLOHEDRAL DIVISION 

Symniotry* 

The triclinic system is characterized by the ab- 
sence of any kind of symmetry plane. 

Seleetion, Position, and Designation of the Crystal 
Axes. • 

Three crystal axes are selected parallel to promi- 
nent crystallographic directions (see p. 114) and at 
as nearly right angles to each other as possible. 
These are held and named exactly as in the ortho- 
rhombic system (see p. 103) excepting that the 
macro axis extending from right to left and the brachy 
axis extending from front to back will not be hori- 
zontal; and none of the axes are at right angles to 
each other, nor can the angles between them be the 
fixed angles of any system. 

Orienting Crystals. 

The three crystal axes having been selected, the 
one chosen as the c axis is held vertically; the 
shorter of the other two axes (the brachy axis) is 
so held as to slope down directly toward the ob- 
server. The macro axis will, then, extend from 
right to left, intersecting the plane through the 
vertical and brachy axes more or less obUquely. 
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The c axis is selected according to the conven- 
tions aheady given in the discussion of the ortho- 
rhombic system (see p. 104). 

Triclinic Forms Discussed* 

The triclinic fonns have exactly the same names 
and symbols as the corresponding orthorhombic 
forms (see p. 105), but differ therefrom in that each 
triclinic form consists of only a single pair of paral- 
lel and opposite faces. 

Since each form in this system consists of but two 
faces, it follows that the forms differ from one an- 
other only as regards their position with respect to 
the crystal axes; and any form may be changed 
into any other form by selecting the crystal axes 
so Bs to nm in the proper direction. If however, 
the conventions with respect to the choice of the 
axes are observed, different observers will in most 
cases designate all the forms by the same names. 

Synonyms for the Names of the Triclinic Forms. 

Pyramid — imit-, brachy-, and macro-tetrapyra- 

mid. 
Prism — unit-, brachy-, and macro-hemiprism. 
Macro-dome — hemi-macro-dome. 
Brachy-dome — hemi-brachy-dome. 
Macro-pinacoid — none. 
Brachy-pinacoid — none. 
Basal-pinacoid — basal-plane. 

Reason Why All Triclinic Forms Consist of Two Par- 
allel Faces. 

It is not at first easy to see why a face on one side 
of a tricUnic crystal must be duplicated on th 
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opposite side, since no symmetry plane lies between 
these faces; but the law of axes states that opposite 
ends of crystal axes must be cut by the same number 
of similar faces similarly placed; and, in order that 
this law shall hold good no matter how the crystal 
axes are chosen, it is necessary that faces be dupli- 
cated in the manner mentioned. 

Method of Determining Tridinic FormB by the Use of 
Symbols, 

The method already outlined in the discussion of 
the other crystal systems may be applied with equal 
facility to the triclinic system, in which it is not 
necessary to distinguish between + and — forms. 
Care must be taken to give a name to every pair of 
opposite and parallel faces. 

Suffgestions for Attaining Facility in the Recognition 
of Forms. ^^ 

When the axes are nearly perpendicular to each 
other, it is possible to determine the forms by 
slightly modifying the rules already given for deter- 
mining those of the same name in the orthorhombic 
system (see p. 108). The modifications required 
are those introduced by the fact that none of the 
axes lie at right angles to each other. In many 
cases, however, the forms can be determined most 
readily by noting the relationship of the faces with 
respect to the axes, which is really equivalent to 
determining' the symbol of each face. The follow- 
ing descriptions of the forms are based on their rela- 
tionship to the axes, and may be applied after a 
crystal is properly oriented. 
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Pyramid: A face whose plane cuts all three crys- 
tal axes at finite distances from the origin. 

In order to determine the number of pyramids, it 
is necessary to count all the p3rramidal faces lying 
above a plane passed through the macro and brachy 
axes. 

Prism: A vertical face whose plane intersects 
both the macro and brachy axes at finite distances 
from the origin. 

In order to determine the number of prisms, it is 
necessary to count all the prismatic faces lying in 
front of a plane passed through the macro and verti- 
cal axes. 

Macro-dome: A face whose plane is parallel to 
the macro axis and intersects the vertical and the 
brachy axes at finite distances from the origin. 

In order to determine the number of macro- 
domes, it is necessary to count all such faces lying 
above a plane passed through the macro and brachy 
axes. 

Brachy-dome: A face whose plane is parallel to 
the brachy axis and intersects the macro and verti- 
cal axes at finite distances from the origin. 

In order to determine the number of brachy- 
domes, it is necessary to coimt the number of such 
faces lying above a plane passed through the macro 
and brachy axes. 

Macro^nacoid: A vertical face parallel to the 
macro and vertical axes. 

There can be but one macro-pinacoid on a crystal. 

Brachy-^nacoid: A vertical face extending from 
front to back (parallel to the brachy and vertical 
axes). 
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There can be but one brachy-pinacoid on a 
crystal. 

BdsaJr-pinacoid: A face (not horizontal) parallel 
to the macro and brachy axes. 

There can be but one basal-pinacoid on a crystal. 





Fig. 94. — Holohedral triclinic crystals. 

A: (vertical axis selected parallel to the edge between a and 
m, macro axis parallel to the edge between c and a, and brachy 
axis parallel to the edge between b and x) : basal-pinacoid (c), 
macro-pinacoid (a), brachy-pinaooid (&), brachy-dome {x), 
pyramid (n), and prism (m). 

B: (vertical axis selected parallel to the edge between a and 
M, macro-axis parallel to the edge between c and a at the 
upper right edge of the figure, and brachy axis parallel to the 
edge between c and h): basal-pinacoid (c), macro-pinacoid 
(a), brachy-pinacoid (h), fotir pyramids (p, g, r and s), and 
five prisms (M, g, m, n and o). 



In order to attain facility in the recognition of 
triclinic forms^ it will be found advisable to prac- 
tice detennining them when the crystal axes are so 
selected as to make decidedly acute angles with 
each other. When the student is able to name the 
forms correctly imder such conditions he will find 
it very easy to do so when the axes are properly 
selected at as nearly right angles as possible. 
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MiflceUaneouB. 

The general statements made in the discussion of 
the holohedral division of the isometric system re- 
garding combination of forms, determination of the 
number of forms, and limiting forms apply with 
equal truth to this system. 

Hemihedral, Tetartohedral, and Hemixnorphic Tri- 
clinic Fomui. 

Since the triclinic system contains no sjnnmetry 
planes, it is impossible to develop hemihedral or 
tetartohedral forms according to the general rules 
already given (see p. 17). Hemimorphic forms are 
practically unknown. 



CHAPTER VIII 

TWINS 

A Twin Defined. 

A twin may be defined as two or more crystak or 
portions of one crystal so united that, if alternate 
crystals or portions could be revolved 180® on a 
so-called twinhing plane or planes, one simple 
untwinned crystal would be formed. See Figs. 95 
to 99. 

It is, of course, not supposed that Nature actually 
revolves alternate crystals or portions of a crystal 
after the simple or untwinned crystals have started 
to form. The definition just given is, then, merely 
a statement of tests which may be applied to as- 
certain whether a given crystal or group of crystals 
is a twin. Since the cause of the development of 
twins is imknown, and since there are several classes 
differing in appearance, it is impossible to formulate 
a definition based either on genesis or appearance, 
but some authorities define a twin as two or more 
crystals or portions of a crystal united according to 
some definite law. 

Most twins are characterized by the presence of 
re-entrant angles, but the same peculiarity is shown 
by groups of crystals not imited according to the 
laws of twinning, so this feature cannot be considered 
distinctive of twins. 
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PteUminary Definitioiui. 

A Twinning Plane Defined: A twinning plane is a 
plane so located with reference to two twinned 
crystals or portions of a crystal that, if one of these 
crystals or portions of a crystal could be revolved 
180^ on the plane, the two crystals or portions of a 
crystal would then be in untwinned relationship to 
each other (see Fig. 95). A twinning plane is named 
by stating the name of the possible crystal faces to 
which it is parallel. 

A twinning plane can never be parallel to a sym- 
metry plane excepting in the tetrahedral hemihedral 
division of the isometric system and the sphenoidal 
hemihedral division of the tetragonal system, and 
must be parallel to possible crystal faces. 

Twinning Axis Defined: A twinning axis is a line 
or direction perpendicular to a twinning plane. The 
twinning axis usually passes through the geometric 
center of the crystal. 

Plane of Union or Composition Face Defined: The 
plane of union or composition face is a plane along 
which two crystals or portions of a crystal appear to 
be united to form a twin. It may or may not 
coincide in position with the twinning plane. The 
plane of union must be parallel to a possible crystal 
form, and is named by stating the name of the 
possible crystal faces to which it is parallel. 

Classes of Twins. 

Three classes of twins are generally recognized, 
namely, contact, interpenetration, and multiple 
twins. The last named class may be subdivided 
into subclasses called oscillatory and cyclic t^ 
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Each of these classes will be discussed in the order 
mentioned. 

CanJtad Twin Defined: A contact twin is one in 
which two portions of a crystal appear to have been 
united along a common plane after one portion has 
been revolved 180** relative to the other (see Fig. 95). 
The twinning plane and plane of imion usually 
coincide in contact twins. 

Contact twins are simpler and commoner than any 
of the other types, and present no special difficulties. 





A 

B 

Fig. 95. — Contact twins. A is tetragonal, and B is mono- 
clinic. Positions of the twinning planes indicated by xyz. 

In studying and reciting upon any type of twin a 
student should determine and state the following 
facts: 

I. The class of the twin (contact, interpenetra- 
tion, etc.). 

II. The system and division to which the crystal 
belongs. 

III. The forms present on the crjrstal. 

IV. The name of the form whose face or faces 
the twinning plane parallels. 

V. The name of the form whose face or faces the 
plane of union parallels. 



TWINS 131 

In determining the system of a contact twin and 
the forms present thereon, it is usuaUy advisable to 
cover with the hand that portion of the crystal at 
one side of the twinning plane and to examine only 
the portion left uncovered. If this is not done, a 
beginner is apt to be confused by the more or less 
unsymmetrical arrangement of faces on the two 
portions of the crystal separated by the twinning 
plane. 

Interpenetration Tmn Defined: An interpenetra- 
tion twin is one in which two or more complete crys- 





FiG. 96. — Interpenetration twins. A is orthorhombic and 
B is tetrahedral hemihedral isometric. Positions of the twin- 
ning axes indicated by X—X', 

tdls appear mutually to penetrate into and through 
each other according to the laws of twinning (see 
Fig. 96). 

It is tisually comparatively easy to determine the 
plane of imion and the system and division of such 
twins, together with the forms present thereon; but 
it is more difficult to determine the name of the form 
whose face or faces the twinning plane parallels. It 
will be found advisable to seek the twinning axis, 
and, when this is found, determine the name of the 
form with a face or faces perpendicular to this axis. 
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Such a form will, of course, have faces parallel to the 
twinning plane. To determine the position of the 
twinning axis, hold a pencil with one end against 
various points on the crystal, and ascertain whether 
it is possible to bring all points on one of the inter- 
penetrating cr3rstals into the position of identical 
points on another of the interpenetrating crystals by 
imagining a rotation of aU points on the first crystal 
180^ around the axis represented by the pencil. If 
such a rotation would cause the two crystals to 
coincide, it may be assumed that the pencil is in the 
position of the twinning axis sought, provided that 
a plane perpendicular to the pencil is parallel to a 
possible crystal face. 

MuUiple Twin Defined: A multiple twin is one in 
which more than two portiona of a single crystal 
appear altematingly to have been revolved 180° 
upon parallel or non-parallel twinning planes. Two 
adjacent parts separated by a 
twinning plane possess relation- 
ships very similar to those of 
the two parts of a contact twin. 

OsdUatory Twin Defined: An 
oscillatory twin is a multiple 

twin in which the alternate por- ^«- ^\ - Oscillatory 
, . X u u multiple twin. 

tions appear to have been re- *^ 

volved 180° upon parallel twinning planes (see 

Fig. 97). 

In studying multiple twins, only a portion bounded 
on one side by a twinning plane and elsewhere by 
crystal faces should be examined, as other portions 
included between two parallel twinning planes are 
apt to possess such a deficiency of faces as to make 
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the determin&tion of the system, division, and forms 
difficult or impossible. 

Cydic Twin Defined: A cyclic twin is a multiple 
twin in which alternate portions appear to have been 
revolved 180° upon non-parallel 
twinning planes (see Fig. 98). 

The rotation of fdtemate parts 
180° on Qon-parallel twinning planes 
tends to give these twins a ring-like 
form. In cases where a small num- 
ber of parts are involved, or where ^°- ^- ~ Cycli<= 
the twinnii^ planes are nearly '" **^ "™' 
parallel, the ring will be incomplete; but, when 
the number of parts are higher or the twinning 
planes depart considerably from parallelism, a com- 
plete rii^ may result. The center of such a rii^ of 
twinned portions may be hollow, or the twinned 
portions may be in contact in the center. If the 
cyclic twin forms an incomplete ring, it is compara- 
tively easy to determine all the forms according to 
the method suggested in the discussion of oscilla- 
tory twins; but, if a complete ring is formed, some 
of the crystal faces necessary 
in order to cover completely 
an individual crystal may be 




When cyclic twins have 
the form of complete rings Fra. 99. — Multiple in- 
it is customary to ^ve them teipenetration twin, 
a name depending upon the number of twinned 
portions, as trilling, lourling, sixling, eightling, etc. 

Interpenetration twins are often of cyclic type as 
illustrated by Fig. 99. 
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InfliMnce of Twinning Upon Symmetry. 

The twinning plane often appears to be a sym- 
metry plane. Whether this will be the case or not 
depends upon the character of the crystal and the 
position of the plane as set forth in the following 
statement: 

The twinning plane will alwayB appear to be a 
symmetry plane if the crystal is entirely bounded 
by forms whose faces are arranged in paraUel pairs, 
and if the twinning plane passes through the center 
of the crystal. 

While twinning often apparently introduces a 
symmetry plane in a crystal, it may also result in 
the elimination of some symmetry planes. Whether 
it will have the latter effect or not depends upon the 
degree of synmietry of the untwiimed crjrstal, and 
the position of the twinning plane. It may, how- 
ever, be said that in general twinned crystals belong- 
ing to systems or divisions of systems characterized 
by the presence of more than two symmetry planes 
often appear to have their sjrmmetry decreased; 
while crystals belonging to systems characterized by 
the presence of less than two symmetry planes usu- 
ally appear to have their symmetry increased. For 
instance, the twinned holohedral tetragonal crystal 
shown in Fig. 95A appears to have only two sym- 
metry planes instead of five sjmametry planes which 
the untwinned crystal possesses; while the twinned 
monoclinic crystal shown in Fig. 95B appears to 
have two symmetry planes instead of the single one 
characteristic of the untwinned crystal. 
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PoBBible and Impossible Twinning Planes. 

It has already been mentioned that a twinning 
plane must be parallel to a possible crystal face, 
and cannot be parallel to a synmietry plane. The 
student will find it a good review of his knowledge 
of the positions of the symmetry planes and forms 
in each division of every system if he will attempt 
to write out a complete list of all the forms parallel 
to which twinning planes cannot He for the reason 
that such forms have two or more faces parallel to 
a symmetry plane or planes. For reference pur- 
poses such a Ust is given below. 

Holohedral isometric — cube and dodecahedron. 
Tetrahedralhemihedralisometric— noform. (See 
statement under definition of a twinning plane 
on p. 129.) 
Pentagonal hemihedral isometric — cube. 
Holohedral hexagonal — basal-pinacoid, 1st order 

prism, and 2nd order prism. 
Rhombohedral hemihedral hejcagonal — 2nd order 

prism. 
Pjnramidal hemihedral hexagonal — basal-pina- 

coid. 
Trigonal hemihedral hexagonal — basal-pinacoid 

and 2nd order prism. 
Trapezohedral tetartohedral — no form. 
Holohedral tetragonal — basal-pinacoid, 1st order 

prism, and 2nd order prism. 
Sphenoidal hemihedral tetragonal — no form. (See 
statement under definition of a twinning plane 
on p. 129.) 
Pyramidal hemihedral tetragonal — basal-pinar 
coid. 
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Holohedral orthorhombic — macro-, brachy-, and 

basal-pinacoid. 
Sphenoidal hemihedral orthorhombic — no form. 
Holohedral monoclinic — clino-pinacoid. 
Holohedral triclinic — no form. 



CHAPTER IX 
MISCJBIiLAinBOUS FEATURES 

Parallelitm of Growth. 

When several crystals which may or may not be 
in contact with each other have all similar faces 
parallel, parallelism of growth i& said to exist. When 
such parallel-growing crystak are in contact they 
may mutually interpenetrate, and are then apt to 
be confused with twins of interpenetration since they 
bear a superficial resemblance to such twins, and 
re-entrant angles are common on both. 

Cases of parallelism of growth in which the crys- 
tals are not in contact are relatively rare, and are 
difficult to explain. A good illustration of their 
occurrence is sometimes exhibited by smaU but well- 
formed chalcopyrite cryBtals dotted over the sur- 
face of crystallized sphalerite. More frequently a 
comparatively large crystal appears to be made up 
of many smaller ones arranged in parallel positions. 
This is sometimes splendidly shown by large, rather 
rough, octahedral crystals of fluorite. 

Parallelism of Growth and Twinning Differentia' 
oied: A group of two or three interpenetrating 
crystals in parallel position may, as has already been 
mentioned, be confused with a twin of interpene- 
tration, but may be distinguished therefrom by the 
fact that it is impossible to find an axis so placed 

that, if toe cr3rstal could be revolved 180** aroimd 
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it, the rotated cryBtal would exactly coincide in 
position with another crystal. As it is not always 
easy to find the twinning axis, especially in the case 
of distorted crystals (see p. 144), it will be found 
easier to base the distinction upon the following 
facts: 

In cases of parallelism of growth, aU similar faces 
of all crystals involved will be in parallel positions. 

In the case of twins of interpenetration, some 
similar faces of the crystals involved will not he in 
parallel positions although many, perhs^ most, 
such faces may be parallel. 

Striatlozis. 

Striationa D^ned: Striations are minute terraces 
or steps, so small that they often appear like lines 
etched or drawn upon natural crystal faces. 

Groups of such lines in parallel positions are not 
unoonmion on natural cr3rstals, and -are often of 
great service in determining the degree of symmetry 
of the crystal. They are due to three causes, 
namely: (1) oscillation of two or more crystal 
faces; (2) oscillatory twinning; and (3) inteifer- 
ence of two crystals in contact with each other. 
Each will be discussed in the order named. When- 
ever one face meets another of different slope an 
edge is formed; and, if two such faces alternate 
with each other, a series of edges parallel to the 
first result. Frequent alternation of two such faces 
is known as oscillation, and produces many parallel 
edges. 

Striations Produced by Oscillation of Faces: Na- 
ture sometimes appears to be uncertain as to which 
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of two faces or forms she prefers to produce, and, 
instead of one form being more or less prominently 
modified by the other, many small faces of each 
form alternate with each other, and form a series 
of terraces. 

As an illustration, consider a mineral (such as 
pyrite) on crystals of which the cube and pentagonal 
dodecahedron are equally apt to occur. The cube 
has a horizontal face on top of the crystal, while the 
pentagonal dodecahedron has a face sloping gently 
down toward the observer; and, if the latter striates 
the former, the cube face will be interrupted by an 
indefinite number of tiny steps or terraces running 
from right to left, of which the horizontal strips 
represent the cube, while the sloping strips repre- 
sent the pentagonal dodecahedron: If the width 
of the latter is very small, the cubic shape of the 
crystal may not be noticeably changed, yet even 
then the resulting striations may be very distinct, 
since no light is reflected from thie surfaces belong- 
ing to the pentagonal dodecahedron when the cube 
surfaces reflect light. In a similar fashion a pen- 
tagonal dodecahedron may be striated by a cube 
if there is a strong tendency for the former to pre- 
dominate over the latter. 

Almost any face is capable of striating any other 
face if the forms involved are in the same division 
of a system, but, in general, it may be said that 
those forms which intersect at interfacial angles ap- 
proaching 180° are much more apt to striate each 
other than are those whose intersections depart con- 
siderably from 180°. In fact, faces intersecting at 
an angle of 135° rarely striate each other, and faces 
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intersecting at angles of lesa than 135° almost never 
do so. 

Such striations always conform strictly to the sym- 
metry of the face on which they are found. That 
is, a group of striations on one side of a symmetry 
plane must be balanced perfectly by a similar group 
on the opposite side of such a plane. It follows 
from the statements just made that striations pro- 
duced by oscillation of faces may cross a symmetry 
plane at right angles to it, and may run parallel to 
a symmetry plane on both sides of it, but they can 
Tieuer cross a symmeiry plane iMiquely. If the stri- 
ations on one portion of a crystal face are so disposed 
as to intersect a symmetry plane obliquely, they 
must be balanced on the opposite side of the sym- 
metry plane by a similar group 
of striations which meet the 
first group at an angle, and 
which are similarly inclined 
to the symmetry plane. Fig. 
100, which shows a cube face 
striated by a hexoctahedron, 

illustrates this law. ™. ,«. r^x. r 

.^ • ii * . .L ^ i  .■ Fig, 100. — Cubeface 

It 18 the fact that stnaUons ^^ated by b. hexootahe- 
must conform to the symmetry dron. The poeitiona of 
of the crystals on which they the sTmmetiy planes are 
occurthatmakesthemof serv- i°'li°**^'* ^3 broken 
ice in determining the sym- *" 
metry of crystals in cases where the crystal forms 
present are not distinctive of any particular division 
of a system. For instance, the cube occurs un- 
changed in appearance in all divisions of the iso- 
metric system, but a cube striated like Fig. 101 must 
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have a pentagonal hemihedral arrangement of ite 
molecules, since it is evident that the secondary 
symmetry planes are lacking, while the principal 
symmetry planes are present Similarly, Fig. 102 
must represent a tetrahedral hemihedral cube, since 



Fia. 101.— Cubeetriatedby Fio. 102. — Cube atriated by 
a pentagonal dodecahedron. a positive tetrahedion. 

the secondary symmetry planes are present and the 
principal symmetry planes are absent. 

In order to determine the name of any form stri- 
ating another form, it is only necessary to ascer- 
tain the name of a face which would intersect the 
striated face in an edge parallel to one of the stria- 
tions. For instance, it is evident that the pen- 
tagonal hemihedral cube shown in Fig. 101 is stri- 
ated by a face sloping directly toward the observer 
and parallel to the right and left crystal axis. Such 
a form is either a dodecahedron or a pentagonal 
dodecahedron. As a face of the latter form will 
intersect a cube face in a blunter angle than that 
formed by the intersection of a dodecahedron and 
a cube, one is safe in assuming that in the case 
under consideration the striations are produced by 
the oscillation of cube and pentagonal dodecahedron 
faces. 

Striaiions Produced by OsdUaiory Twinnijig: If 
successive twinning planes in an oscillatory twin 



142 



MISCELLANEOUS FEATURES 



are very close together, a series of ridges and de- 
pressions or terraces may be formed on some of the 
faces of a crystal, as illustrated in Fig. 97. When 
such ridges or terraces are very narrow, they bear 
a very close resemblance to striations produced by 
oscillation of faces. In fact, they cannot always be 
distinguished from such striations, but they may 
differ therefrom in that twinning striations naay 
cross each other and may produce a cross-hatched 
appearance, they cannot be parallel to a symmetry 
plane (excepting in the case of tetrahedral hemihe- 
dral isometric and sphenoidal hemihedral tetrago- 
nal crj^tals), and they may cross a synmietry plane 
obliquely. More important still is the fact that 
striations produced by oscillation of faces are con- 
fined to the surface of a crystal, while striations 
produced by oscillatory twinning 
may be shown equally well upon 
some cleavage faces. 

Striations Produced by IrUer- 
ference: When two crystals de- 
velop in contact with each other 
the surface between them is 
sometimes striated in an irregu- Fig. 103.— Quartz 
lar and peculiar fashion, difficult crystal showing stria- 
to describe, but fairly well illus- tions produced by in- 
trated by Fig. 103. These stri- *^^^^- 
ations are usually coarse, and appear to be utterly 
independent of the synmietry of the crystal. 




Cleavage. 

Cleavage Defined: Cleavage is the result of a 
tendency shown by many crystalline substances to 
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split more or less easily parallel to one or more 
possible crystal faces. In some cases this tendency 
is so well developed that the cleavage surfaces are 
almost as smooth and highly polished as crystal 
faces, with which cleavage surfaces are sometimes 
confused. 

If cleavage exists parallel to one face of a given 
crystal form, it is always possible to develop it par- 
allel to every other face of that same form; and, 
not infrequently, cleavages parallel to the faces of 
two different forms may be developed on any one 
crystal. 

Cleavage surfaces may be distinguished ordi- 
narily from crystal faces by the fact that they are 
not usually perfectly flat, but appear to be covered 
with or made up from very thin sheets or plates, 
often with curving edges. 

Crystal Habit. 

The general shape assumed by a crystal is called 
its habit. Among the conmioner terms descriptive 
of habits are the following: 

1. The name of some crystal form: For instance, 
it may be said that a crystal has an octahedral habit 
when it has the general shape of an octahedron 
no matter how many other forms are present, or 
whether the octahedron itself is actually present or 
absent. 

2. Tabvlar habit: This term may be applied to 
any cryst^-l having the shape of a tablet — an ob- 
ject with two dimensions much greater than the 
third. 

3. Prismatic habit: This term may be applie' 
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to any crystal greatly elongated in any one direc- 
tion no matter whether that direction be parallel to 
a prism or not. An acicular (needle-Uke) habit is 
merely an extreme development of a prismatic habit. 

Distortion of GrystalB. 

Most of the statements already made relative to 
crystals apply only to those which are geometrically 
perfect, that is, those completely bounded on all 
sides with faces which in the case of any one form are 
identically of the same shape and size, and are 
equally distant from the center of the crystal. Any 
departure from this condition is known as distortion, 
and it is imfortunately true that a great majority of 
crystals are more or less distorted. Two kinds of 
distortion are recognized, and these are known, 
respectively, as (1) mechanical distortion, and (2) 
crystallographic distortion. 

Mechanical Distortion: Mechanical distortion is 
produced by pressure on a completed crystal. This 
may not only change the molecular arrangement, 
but it may also tend to flatten a crystal and to bend 
or warp both it and some or all of the boimding faces. 
This alters the shape and size of some or all of the 
faces and their distances from the center of the 
crystal, and may also warp the faces and change the 
angles which they make with each other. 

Although mechanical distortion causes a crystal 
to depart from all the crystallographic laws already 
given, this departure is often of so slight a nature as 
to make it possible to make a fairly accurate guess 
as to the original appearance of the crystal, and thus 
to determine the system to which it belongs and the 
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forms represented upon it. Fortunately this type 
of distortion is comparatively uncommon. 

Crystaliographic Distortion: Crystallographic dis- 
tortion may be conceived to be produced by moving 






Fig. 104. — Crystallographi- Fig. 105. — Crystallographi- 
cally distorted octahedron. cally distorted cubes. 

one or more faces parallel to themselves to any extent 
either toward or away from the center of the crystal. 
This may change greatly the shape and size of the 
faces. In fact, it may result in all the faces of any 
one form diJBfering from each other in shape and size. 
Fig. 104 represents such a dis- 
torted octahedron, while Fig. 106 
represents distorted cubes. In the 
latter case opposite and parallel 
faces are of the same shape and 
size, but difiFer in these particu- piQ iqq __ Q^^e 
lars from adjacent faces. modifiedbyadodec- 

Not infrequently a face seems to ahedron with one 
have been moved outward to such ^^^®. ^^ *^® ^*^®^ 
an extent as to have been com- ^^ ^ f ^ ^. ^J^ 
pletely crowded off the crystal, pressed. 
This is illustrated in Fig. 106, 
and faces thus destroyed are said to be suppressed. 

Although the shape and size of faces and their 
distances from the center of the crystal are changed 
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by crystaUographic distortion, it is important to re- 
member that the angles which such faces make with 
each other and with the cr3rstal axes remain un- 
changed, and that the angles between edges are Uke- 
wise mialtered. This follows from the fact that 
there is no change in the arrangement of the 
molecules. 

From the statements just made it is evident that 
the definitions of secondary and principal symmetry 
planes already given cannot be applied to crystal- 
lographically distorted crystals. For these, it is 
necessary to substitute the following definition of a 
symmetry plane: 

Any plane through a crystal is a sjmwnetry plane 
if there are approximately the same number of faces 
on opposite sides of this plane, if most of these faces 
are arranged in pairs on opposite sides of and equally 
inclined to this plane, and if any two adjacent faces 
on one side of this plane are usually balanced on the 
other side by two adjacent faces making identically 
the same angle with each other. While this rule is 
not very rigid, and some mistakes may be made in 
its appUcation, these will be rare exceptions after 
the student has studied crystals for some time. 

It is fortunately true that crystals subject to 
crystaUographic distortion are apt to occur in groups 
rather than in isolated individuals, and that some 
members of such groups are apt to be much less dis- 
torted than others. In fact, a little search will 
usually reveal one or more crystals almost geometri- 
cally perfect in development, and it is upon these 
that the attention should be fixed. 

In examining crystallographically distorted crys- 
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tals, it ■will be found useful to observe the following 
two rules: (1) All the faces of any one form on a 
crystal will be of exactly the same color, luster, and 
smootimess; and, if any one face is striated, all will 
be striated and in a similar fashion. (2) Where 
suppression of faces has occurred it is often impossible 
to decide whether a form is holohedral or its hemi- 
hedr^ or tetartohedral equivalent, as, for instance, 
a 1st order pyramid or a rhombohedron. In such 
cases, always assume that the form under considerar 
tioD is the one which would necessitate the least 
suppression of faces. 

As an illustration of the latter rule, consider a 
hexagonal crystal showii^ a 1st order prism capped 
with six pyramidal faces in the 1st order position, 
which may represent either a 1st 
order pyramid or a + and a — 
rhombohedron. Suppose that a 
single face in the position of a 
2nd order pyramid is found at 
one of the comers formed by the 
intersection of two pyramidal 
and two prismatic faces. Such j^g io7.— Quart* 
a crystal is illustrated in Fig. crystal ahowing sup- 
107. The pyramidal face in the presaioQ of 2nd order 
2nd order position can evidently fisonal pyramid 
be interpreted either as a 2nd *'^' 
order pyramid or a 2nd order trigonal pyramid. If 
we decide the former to be the correct explanation, 
we must assume the suppression of eleven faces; 
while if we incline toward the latter possibility, we 
need assume the suppression of but five faces. 
According to the rule just laid down, we should 
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make the second assiimptiony and call the form a 
2nd order trigonal pyramid, making the crystal 
trapezohedral tetartohedral. 

In conclusion, it should be remembered that a 
majority of crystals are not bounded by faces on all 
sides, but are attached to some foreign substance or 
to other crystals. This means that a considerable 
proportion of the smrface of most crystals will not 
bear crystal faces. Such crystals can hardly be 
called distorted, but the condition mentioned natu- 
rally adds to the difficulties involved in their classi- 
fication. 

Vicinal Fomui. 

The law of rationality of parameters already given 
states that parameters are always rational, fractional 
or whole, small or infinite numbers. While this law 
holds for all the more prominent faces on crystals 
that are not mechanically distorted, there sometimes 
occur on such faces rather inconspicuous elevations, 
often curved, which accord in form with the sym- 
metry of the face on which they are found, but which 
are made up of faces that have parameters which are 
either large, irrational, or both large and irrational. 
Forms possessing such parameters are termed vicinal. 
Their cause is not understood. They may be 
ignored unless unusually prominent, but their form 
and distribution are sometimes of service in deter- 
mining the degree of sjonmetry of crystals. 

Etched Figures and Corrosion. 

Natural solutions sometimes attack or corrode the 
plane smfaces boimding crystals. When this hap- 
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pens the edges may be rounded and the faces curved, 
and some or all faces may show small triangular, 
quadrilateral, or polygonal, flat-faced depressions or 
pits caUed etched figures. These differ in shape on 
crystals of different minerals and even on the faces of 
different forms on an individual crystal. In fact, one 
form on a crystal may show well-developed etched 
figures while others are imattacked or merely 
smoothly corroded. In all cases, however, the shape 
of the etched figures accords with the symmetry of 
the face on which they occur, and a study of such 
figures will sometimes prove helpful in determining 
the degree of synmietry of crystals showing them. 
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SYSTEMS, DIVISION OF SYSTEMS, AND FORMS 

TABULATED 

iBometric Systam 



Hciohedral Forms 

Octahedron 

Trisoctahedion 

Dodecahedron 

Trapezohedron 

Hexahedron (cube) 

Hexoctahedron 

Tetrahexahedron 

Tetrdhedral Hemihedral Forma 

ifcTetrahedron 
iTrigonal Tristetrahedron 
iTetragonal Tristetrahe- 
dron 
dbHextetrahedron 

Hexahedron (cube) 

Dodecahedron 

Tetrahexahedron 

Pentagorud Hemihedral Forms 
Pentagonal Dodecahedron 
Diploid 

Octahedron 



Dodecahedron . 
Hexahedron (cube) 
Trapezohedron 
Trisoctahedron 

Gyroidal Hemihedral Forms 
Pentagonal Icositetrahe- 
dron 

Octahedron 

Trisoctahedron 

Dodecahedron 

Trapezohedron 

HexJeihedron (cube) 

Tetrahexahedron 

PerUagorud Tetartohedrcl 
Forms 

Tetartoid 

Octahedron 

Trisoctahedron 

Dodecahedron 

Trapezohedron 

Hexahedron (cube) 

Tetrahexahedron 
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Hexagonal System 



Hclohedral Forms 

1st Order Pyramid 
1st Order Prism 
2nd Order Pyramid 
2nd Order Prism 
Dihexagonal P3rramid 
Dihexagonal Prism 
Basal-pinacoid 

Rhombohedral Hemihedral 
Forms 

dbRhombohedron 
Hexagonal Scalenohedron 

1st Order Prism 
2nd Order Pyramid 
2nd Order Prism 
Dihexagonal Prism 
Basal-pinacoid 

Pyramidal Hemihedral Forms 

3rd Order Pyramid 
3rd Order Prism 

1st Order Pyramid 
1st Order Prism 
2nd Order Pjrramid 
2nd Order Prism 
Basal-pinacoid 

Trigonal Hemihedral Forms 

± 1st Order Trigonal Pyr- 
amid 
±lst Order Trigonal Prism 
Ditrigonal Pyramid 
Ditrigonal Prism 



2nd Order Pyramid 
2nd Order Prism 
Basal-pinacoid 

Trapezohedral Hemihedral 
Forms 

Hexagonal Trapezohedron 

1st Order Pjrramid 
1st Order Prism 
2nd Order P3rramid 
2nd Order Prism 
.Dihexagonal Prism 
Basal-pinacoid 

Trapezohedral Tetartohedral 
Forms 

=kKhombohedron 

d:2nd Order Trigonal Pyr- 
amid 

±2nd Order Trigonal 
Prism 

Trigonal Trapezohedron 

Ditrigonal Prism 

1st Order Prism 
Basal-pinacoid 

Rhombohedral Tetartohedral 
Forms 

1st Order Rhombohedron 
2nd Order Rhombohedron 
3rd Order Rhombohedron 
3rd Order Prism 

Ist Order Prism 
2nd Order Prism 
Basal-pinacoid 
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Totratfonal Syitom 



Holohedral Forma 

1st Order Pyramid 
Ist Order Prism 
2nd Order Pyramid 
2nd Order Prism 
Ditetragonal Pyramid 
Ditetragonal Prism 
Basal-pinacoid 

Sphenoidal Hemihedral Forma 

:l:Tetragonal Sphenoid 
d:Tetragonal Scalenohe- 
dron 

1st Order Prism 



2nd Order Pyramid 
2nd Order Prism 
Ditetragonal Prism 
Basal-pinaooid 

Pyramidal Hemihedral Forma 

3rd Order Pyramid 
3rd Order Prism 

1st Order Pyramid 
1st Order Prism 
2nd Order Pyramid 
2nd Order Prism 
Basal-pinaooid 



Orthorliombic Syitem 



Holohedral Forma 

Pyramid 

Prism 

Macro-dome 

Brachy-dome 

Macro-pinacoid 

Brachy-pinacoid 

Basal-pinaooid 



Sphenoidal Hemihedral Forma 
Orthorhombic Sphenoid 

Prism 

Macro-dome 

Brachy-dome 

Macro-pinacoid 

Brachy-pinacoid 

Basal-pinacoid 



Monoclinic System 



Holohedral Forma 

iPyramid 

Prism 

Clino-dome 



Ortho-puiacoid 
±Ortho-dome 
Basal-pinacoid 
Clino-pinacoid 



Trielinic System 

Holohedral Forma 

Same as in the orthorhombic system 
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